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Abstract: This study aimed to monitor the clinical and functional progression of patients with
amyotrophic lateral sclerosis (ALS) and adjust ventilatory support during the COVID-19 pandemic in
Brazil using telemedicine. This longitudinal case series included five evaluations from January 2019
to June 2021. The first and second assessments were performed in person and consisted of pulmonary
function, respiratory muscle strength, functionality (ALS Functional Rating Scale—Revised [ALSFRS-
R]) and disease staging (King’s College criteria). The use of non-invasive ventilation (NIV), ALSFRS-R,
and disease staging were assessed in the third, fourth, and fifth assessments during the COVID-19
pandemic, using telemedicine. The rate of functional decline was calculated by the difference in
the total score of ALSFRS-R between evaluations. A cutoff of 0.77 in the ALSFRS-R was used to
characterize the speed of functional decline. Eleven patients (mean age of 51 years, eight males)
were assessed. The total score of the ALSFRS-R (p < 0.01) and its motor domain (p < 0.01) reduced
significantly during the pandemic. NIV prescription increased from 54.4% to 83.3%. Telemedicine
helped with the clinical and functional follow-up of patients with ALS.

Keywords: amyotrophic lateral sclerosis; COVID-19; telemedicine; non-invasive ventilation;
functionality

1. Introduction

Amyotrophic lateral sclerosis (ALS) is marked by a gradual decline in functional
capacity and increased morbidity from respiratory infections due to a progressive loss of
muscle strength [1–5]. Limitations caused by these events differ among patients with spinal
and bulbar onset according to disease phenotype [6,7]. Both groups of patients may also
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experience nocturnal hypoventilation and obstructive sleep apnea, increasing the burden
of disease [8]. Alternatively, non-invasive ventilation (NIV) might improve quality of life
and increase survival [8,9].

In this context, regular monitoring by a multidisciplinary team, adjustments to ven-
tilatory parameters, and NIV maintenance are essential for disease management [2,8,9].
However, the COVID-19 pandemic and social isolation affected the care routine and im-
paired follow-up care. Health services needed to adapt to communication technologies
(i.e., telemedicine) [10], which became the most viable option to monitor patients, address
needs, and avoid contamination during the pandemic.

Nevertheless, questions and concerns related to telemedicine (e.g., use of instru-
ments, clinical adherence, adjustment and prescription of ventilatory support, and whether
telemedicine would identify the clinical and functional progression of patients with ALS)
still emerged during the COVID-19 pandemic [11,12]. We hypothesized that patients with
ALS experience rapid and significant disease progression due to the clinical nature of the
disease. During the COVID-19 pandemic, people found themselves isolated and experienc-
ing difficulties in accessing health care, which could lead to a worsening of their illnesses.
This study aimed to monitor the clinical and functional evolution of ALS patients during
the COVID-19 pandemic (April 2020 to June 2021) using telemedicine assistance.

2. Materials and Methods
2.1. Study Type and Participants

This longitudinal case series was developed at the Pneumocardiovascular Laboratory
of Onofre Lopes University Hospital (HUOL/EBSERH). Patients with bulbar or spinal ALS
of both sexes, aged over 18 years, classified according to the El Escorial World Federation
of Neurology criteria [13], that were included before the COVID-19 pandemic with two
clinical assessments, and continued follow-up by a multidisciplinary team (neurologist,
physiotherapist, psychologist, speech therapist, and nutritionist) were included. Those
without internet access or who could not respond to questionnaires with or without the
help of caregivers (including patients with limited communication or using alternative
communication tools) were excluded. Strobe Checklist was applied to verify essential
items for the research (Supplementary Materials). All study procedures were approved by
the research ethics committee of the HUOL/EBSERH (3.735.479/2019) and followed the
Declaration of Helsinki and resolution 466/12 of the National Health Council.

2.2. Patient and Public Involvement

A patient and public involvement panel was not recruited to inform the design,
recruitment, conduct, or dissemination plan for this study.

2.3. Study Design

The follow-up occurred from January 2019 to June 2021. Five assessments were
performed: A1, A2, A3, A4, and A5. Assessments A1 and A2 occurred in person before
the COVID-19 pandemic (January 2019 to March 2020), whereas A3 to A5 were performed
remotely during the COVID-19 pandemic (April 2020 to June 2021).

The first assessments (A1 and A2) included pulmonary function, respiratory muscle
strength, functionality (ALS Functional Rating Scale—Revised [ALSFRS-R/BR]) [14], rate of
disease progression, and disease staging (King’s College criteria) [15]. Further assessments
(A3 to A5) included a clinical evaluation form, use of NIV, assessment of NIV parameters,
ALSFRS-R/BR, rate of disease progression, and King’s College criteria (Figure 1).
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Figure 1. Study design flowchart.

For online evaluations (A3 to A5), we used telecommunication platforms (e.g., Google
Meet® (Google Corp, Mountain View, CA, USA, 2017), WhatsApp® (WhatsApp, Menlo
Park, CA, USA, 2009), or the Rio Grande do Norte Teleconsultation System). The Rio
Grande do Norte Teleconsultation System is a platform for remote communication between
health professionals and patients, developed in a partnership between the Ministry of
Health and the Laboratory of Technological Innovation in Health at the Federal University
of Rio Grande do Norte (LAIS-UFRN) [16]. The platform is part of the Telehealth Brazil
Networks Program, a national-level action that seeks to provide better quality care for
professionals and basic health care in the Unified Health System, especially during the
social isolation caused by the COVID-19 pandemic. Its operation is regulated through
Ordinance No. 467 of 20 March 2020 from the Ministry of Health’s Cabinet [17].

The team identified the need for NIV prescription or adjustments according to de-
mands found during assessments A3 to A5. The monitoring of disease progression
and guidance were conducted during synchronous (real-time via Google Meet® or Rio
Grande do Norte Teleconsultation System platforms) or asynchronous assessments (via
WhatsApp®) to complement the information from synchronous consultations.

2.4. Pulmonary Function and Respiratory Muscle Strength

Pulmonary function and respiratory muscle strength were assessed in person only
before the pandemic (assessments A1 and A2).

Pulmonary function was assessed via spirometry using a Koko DigiDoser spirometer
(Longmont, CO, USA), according to the American Thoracic Society/European Respiratory
Society [18]. Forced vital capacity (L), forced expiratory volume in the first second (L),
forced expiratory flow at 25–75% (L/s), and peak expiratory flow (L/s) were considered in
absolute and predicted values [19].

The following inspiratory and expiratory muscle strength parameters were assessed
using a digital manovacuometer (NEPEB-LabCare/UFMG, Belo Horizonte, MG, Brazil):
maximal inspiratory pressure (cmH2O), maximal expiratory pressure (cmH2O), and sniff
nasal inspiratory pressure (cmH2O). Predicted values followed those recommended for the
Brazilian population [20,21].
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2.5. Functionality and Rate of Disease Progression

Functionality was assessed using the ALSFRS-R, adapted for Brazilian Portuguese [14].
The scale consists of 12 questions related to daily activities and symptoms, divided into
four domains: bulbar, upper limb, lower limb, and respiratory. Domain scores range from
0 to 4; the maximum score is 48 points (i.e., normal functionality). The same previously
trained researcher administered the ALSFRS-R in all assessments.

Scores of the upper and lower limb domains were summed and represented the motor
domain (maximum score of 8 points). The rate of disease progression was calculated by
subtracting ALSFRS-R total scores between assessments and dividing by time (in months)
between assessments [12]. We considered intervals between A1–A2 and A3–A5 to cal-
culate the rate of disease progression before and during the pandemic, respectively. A
cutoff point of 0.77 was used to represent the slow (<0.77) and fast (>0.77) rate of disease
progression [22].

2.6. Disease Staging

We used the King’s College [15] criteria to classify disease staging retrospectively
according to ALSFRS-R scores and functional impairments [23] (Figure 2). It categorizes
patients into five stages, according to clinical milestones: (1) functional involvement of one
central nervous system area (symptom onset), (2) functional involvement of two central
nervous system areas, (3) functional involvement of three central nervous system areas,
(4a) need for gastrostomy or (4b) NIV, and (5) death.
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2.7. Clinical Evaluation and Use of NIV

Clinical evaluation was performed using a form developed by the researchers and
adapted to A3, A4, and A5 assessments. The form included self-reported questions (“yes” or
“no”) about signs and symptoms of respiratory infections, nocturnal hypoventilation (noc-
turnal awakenings, morning headaches, and daytime drowsiness), use of NIV (adherence,
time, and type of interface), and NIV adjustments.

2.8. Adjustment and Prescription of NIV Support

NIV prescription was based on the ALSFRS-R respiratory domain, signs and symp-
toms of nocturnal hypoventilation, and use of NIV. An experienced neurologist from the
multidisciplinary team conducted the prescription in consensus with other professionals.

For patients already using ventilatory support, the parameters were adjusted according
to the clinical and functional evaluation or by caregiver request. One professional instructed
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the adjustments with the local team or caregiver remotely, using telemedicine. Some NIV
equipment allowed for the adjusting of parameters using an online application.

2.9. Statistical Analysis

Statistical analyses were performed using GraphPad Prism software (version 8.0,
La Jolla, CA, USA) and the Statistical Package for the Social Sciences (version 20.0, IBM
Corp, Armonk, NY, USA). Descriptive analysis was performed using the median and
interquartile range (25% and 75%). The Shapiro–Wilk test verified data normality. For
intergroup analyses, the sample was divided into two subgroups according to the clinical
diagnosis of ALS (spinal or bulbar). For intragroup analyses, comparisons between assess-
ments (A1, A2, A3, A4, A5) were considered. Functional impairment was quantified by
considering a significant decrease in the total and domain scores of the ALSFRS-R. Intra-
and intergroup data (spinal and bulbar) were compared using Friedman (Dunn’s post hoc)
and Mann–Whitney tests, respectively. For categorical variables, the Chi-squared test was
used for analyses with more than two categories, and Fisher’s exact test for dichotomous
categorical variables.

3. Results

We followed 11 patients for 30 months (January 2019 to June 2021). Most patients had
spinal onset ALS (72.7%), were male (72.7%), had a median age of 51 years (interquartile
range 43 to 55), and resided in inland cities of the Rio Grande do Norte state (72.7%) far
from the multidisciplinary care center. Table 1 shows anthropometric and pulmonary
function data. Baseline data regarding FVC [%Pred], MEP [cmH2O], SNIP [cmH2O],
and SNIP [%Pred] between Spina ALS and Bulbar ALS showed no significant difference
between them.

Table 1. Sample characterization (n = 11) at baseline.

Variables All Patients (n = 11) Spinal ALS (n = 8) Bulbar ALS (n = 3)

Sex

Male 8 (72.7%) 6 (75%) 2 (66.6%)
Female 3 (27.7%) 2 (25%) 1 (33.3%)

Age [years] 51 (43–55) 47.5 (41.5–51.7) 64 (55–73)

El Escorial

Possible - - -

Probable 3 (27%) 2 (25%) 1 (50%)
Confirmed 8 (72.7%) 6 (75%) 1 (50%)

Origin

State capital 3 (27.7%) 2 (22.2%) 1 (50%)
Inland cities 8 (72.2%) 7 (77.7%) 1 (50%)

FVC [L] 3.1 (2.1–3.9) 3.4 (2.7–4.4) 2.3 (1.8–2.6)

FVC [%Pred] 69.6 (56.5–96.7) 69.6 (60–97.8) 65.9 (41.1–90.8)

FEV1 [L] 2.3 (1.6–3.2) 2.8 (2–3.5) 1.6 (1.6–2.2)

FEV1 [%Pred] 74 (55.8–89.2) 81.2 (63.9–92.2) 65.4 (44.1–80.2)

FEF25–75% [L/s] 2.7 (1.5–3.5) 3.4 (1.5–3.6) 1.7 (1.3–2.7)

FEF25–75% [%Pred] 68.4 (56.8–90.9) 77.4 (58.6–96.2) 68.4 (49.5–84)

PEF [L/s] 6.0 (1.7–6.6) 6.1 (3.5–6.7) 1.9 (1.6–6.4)

MIP [cmH2O] 67 (27.7–86.5) 54.5 (24.7–99.2) 69 (30.4–82)
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Table 1. Cont.

Variables All Patients (n = 11) Spinal ALS (n = 8) Bulbar ALS (n = 3)

MIP [%Pred] 60 (28.9–81.7) 46.4 (28.1–84.3) 67.2 (27.8–92.3)

MEP [cmH2O] 59 (35.5–81.5) 60.5 (40.2–98.7) 59 (25–85)

MEP [%Pred] 59 (42.2–70.4) 62.2 (44.8–85.1) 52.4 (19.9–69.9)

SNIP [cmH2O] 72 (44–79.5) 74 (39.2–87.2) 68 (46–72)

SNIP [%Pred] 64.5 (42.6–85.9) 65.3 (41.7–92.8) 61.9 (40.8–85.8)
Data presented as absolute (relative) frequencies and median (interquartile range 25–75%). FVC: forced vital capac-
ity; FEV1: forced expiratory volume in the first second; FEF25–75%: forced expiratory flow 25–75%; MIP: maximal
inspiratory pressure; MEP: maximal expiratory pressure; SNIP: sniff nasal inspiratory pressure; L/s: liters per
second; cmH2O: centimeters of water; %Pred: percentage of predicted.

Total ALSFRS-R (p < 0.01) and motor domain (p < 0.01) scores were reduced during
the pandemic. However, total and domain scores were not different between patients with
spinal and bulbar onset (Figure 3). According to ALSFRS-R, 90.9% of patients presented
a slow disease progression between A1–A2 and 72.7% between A3–A5 assessments; no
statistical difference was observed when comparing the ALSFRS total score between all
assessments (p = 0.29).
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A total of 45.4% and 72.7% of patients were classified as stage 4 at A1 and A5, re-
spectively; however, no statistical significance was found between A1 and A5. Dyspnea
(A3 = 45.4%, A4 = 45.4%, and A5 = 36.3%) (Table 2) and nocturnal awakening (A3 = 54.5%,
A4 = 63.3%, and A5 = 27.2%) were the most reported signs of nocturnal hypoventilation.
No significant difference was observed between moments (A3, A4, and A5).
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Table 2. Respiratory symptoms during the pandemic (n = 11).

Variables A3 A4 A5

Dyspnea 5 (45.4%) 5 (45.4%) 4 (36.3%)

Fatigue 5 (45.4%) 8 (72.7%) 6 (54.4%)

Fever 2 (25%) 1 (9.0%) -

Sore throat - 1 (9.0%) 2 (18.1%)

Runny nose 2 (25%) 3 (27.2%) 2 (18.1%)

Nasal Obstruction 4 (50%) 6 (54.4%) 5 (45.%)

Cough

Effective 6 (54.5%) 5 (45.4%) 5 (45.4%)

Ineffective 5 (45.4%) 6 (54.5%) 6 (54.5%)
Data presented as absolute (relative) frequencies. A3: third assessment; A4: fourth assessment; and A5: fifth
assessment.

Most patients used NIV at night and during a half-day shift (A3 = 60%, A4 = 16.6%,
and A5 = 50%) (Figure 4). The NIV of two patients was adjusted during A4 since they
reported increased respiratory effort, need for ventilation during the day, or because NIV
parameters no longer met demands. After adjustments, one patient reported decreased
respiratory effort and a decrease in the frequency of NIV use during the day. Another
patient reported reduced dyspnea; however, NIV was required during the day. We observed
that all patients adhered to treatment during A5, mainly due to remote guidance on NIV.
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4. Discussion

This study aimed to monitor the clinical and functional progression of patients with
ALS during the COVID-19 pandemic in Brazil using telemedicine. The main findings
were that (1) functional capacity reduced with disease progression and (2) telemedicine
proved successful for remote clinical management since it allowed for identifying signs and
symptoms and facilitated the prescription and adjustment of NIV during social isolation.

A gradual loss of functional capacity is expected in patients with ALS due to pro-
gressive muscle weakness [24]. Our study found a significant functional decrease and a
slow rate of disease progression using remote assessments during the COVID-19 pandemic.
Gonçalves et al. [12] observed similar results in 32 patients who interrupted their multidis-
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ciplinary care routine due to the pandemic. However, in that study [12], the follow-up was
conducted during four months at the beginning of the pandemic, and patients showed a
fast rate of disease progression, whereas we assessed patients before the social isolation
period and monitored them regularly during 14 months of the pandemic. Both studies
demonstrated that remote monitoring may help monitor the rate of disease progression in
this population.

The clinical progression of ALS varies among patients. Thus, a system that allows for
standardized measurements and is easy to understand by professionals is important for
managing resources and care [25,26]. An important aspect of our study was that disease
staging was classified remotely using the King’s College criteria. To our knowledge, only
Manera et al. [27] classified patients with ALS using telemedicine and observed a high reli-
ability of this system. Van Eijck et al. also demonstrated good correlations between disease
staging, assessed remotely using King’s College criteria, and other objective measures of
clinical disease progression [28]. These results support ours, indicating that telemedicine
allows for the follow-up of patients with ALS and establishing King’s College criteria as a
valuable tool for this purpose.

Another important aspect of this study was the remote monitoring of signs and
symptoms of nocturnal hypoventilation. Early monitoring increases the survival of patients
with ALS [29] and is relevant because nocturnal hypoventilation reflects respiratory muscle
impairment and the need for ventilatory support [8,9]. In our study, signs of nocturnal
hypoventilation and questions of the ALSFRS-R respiratory domain helped prescribe
ventilatory support. During social isolation, only Marchi et al. reported NIV prescriptions
for patients with ALS [30]. However, this prescription was requested after a telemedicine
evaluation and conducted in person by a pulmonologist who did not participate in the
study. Although we remotely prescribed and adjusted the NIV, results from the study
of Marchi et al. support the importance of remote care provided by a multidisciplinary
team since patients remained stable without exacerbations. Our findings demonstrate
that remote assessment and direct contact with the multidisciplinary team may have also
allowed for the early identification of symptoms of respiratory exacerbation and favored
remote decision-making and successful NIV prescription for this population. Furthermore,
all patients adhered to NIV use at the end of the study.

As study limitations, a small sample size was achieved since patients without prior
assessment in our database were excluded. Invasive measurements and in-person as-
sessments during the COVID-19 pandemic (respiratory muscle strength and pulmonary
function) were also not performed.

5. Conclusions

Telemedicine facilitated the monitoring of the clinical and functional progression of
patients with ALS during the COVID-19 pandemic. With a few adjustments, it was possible
to reduce the rate of disease progression and maintain functionality between different
moments. NIV adjustments were important in reducing symptoms such as dyspnea and
patient adherence to ventilatory equipment.

Patients had good adherence to telemedicine, with a feeling of safety and support
from professionals during the COVID-19 isolation period. It was possible to monitor and
care for ALS patients through telemedicine. However, due to the rare nature of the disease,
its rapid progression, and some limitations that telemedicine brings, such as preventing
in-person assessments, the results found become somewhat restricted.

We suggest that the King’s College criteria and a subjective assessment of sleep through
telemedicine be used in the care of patients with ALS.

Supplementary Materials: The following supporting information can be downloaded at https:
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7. Štětkářová, I.; Ehler, E. Diagnostics of Amyotrophic Lateral Sclerosis: Up to Date. Diagnostics 2021, 11, 231. [CrossRef] [PubMed]
8. Boentert, M. Sleep and Sleep Disruption in Amyotrophic Lateral Sclerosis. Curr. Neurol. Neurosci. Rep. 2020, 20, 25. [CrossRef]
9. Morelot-Panzini, C.; Bruneteau, G.; Gonzalez-Bermejo, J. NIV in amyotrophic lateral sclerosis: The ‘when’ and ‘how’ of the matter.

Respirology 2019, 24, 521–530. [CrossRef]
10. Howard, I.M.; Kaufman, M.S. Telehealth Applications for Outpatients With. Muscle Nerve 2018, 58, 475–485. [CrossRef]
11. Bombaci, A.; Abbadessa, G.; Trojsi, F.; Leocani, L.; Bonavita, S.; Lavorgna, L.; Tedeschi, G.; Mancardi, G.; Padovani, A.; Clerico,

M.; et al. Telemedicine for management of patients with amyotrophic lateral sclerosis through COVID-19 tail. Neurol. Sci. 2021,
42, 9–13. [CrossRef] [PubMed]

12. Gonçalves, F.; Magalhães, B. Effects of prolonged interruption of rehabilitation routines in amyotrophic lateral sclerosis patients.
Palliat. Support. Care 2021, 20, 369–374. [CrossRef] [PubMed]

13. Brooks, B.R.; Miller, R.G.; Swash, M.; Munsat, T.L. El Escorial revisited: Revised criteria for the diagnosis of amyotrophic lateral
sclerosis. Amyotroph. Lateral Scler. 2000, 1, 293–299. [CrossRef] [PubMed]

14. Guedes, K.; Pereira, C.; Pavan, K.; Valério, B.C.O. Cross-cultural adaptation and validation of ALS Functional Rating Scale-Revised
in Portuguese language. Arq. Neuropsiquiatr. 2010, 68, 44–47. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(17)31287-4
https://www.ncbi.nlm.nih.gov/pubmed/28552366
https://doi.org/10.1016/j.neubiorev.2019.12.032
https://www.ncbi.nlm.nih.gov/pubmed/31917162
https://doi.org/10.1164/rccm.201210-1804CI
https://doi.org/10.1016/j.ccm.2018.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29779597
https://doi.org/10.1097/00002060-200207000-00007
https://www.ncbi.nlm.nih.gov/pubmed/12131177
https://doi.org/10.1159/000351153
https://doi.org/10.3390/diagnostics11020231
https://www.ncbi.nlm.nih.gov/pubmed/33546386
https://doi.org/10.1007/s11910-020-01047-1
https://doi.org/10.1111/resp.13525
https://doi.org/10.1002/mus.26115
https://doi.org/10.1007/s10072-020-04783-x
https://www.ncbi.nlm.nih.gov/pubmed/33025327
https://doi.org/10.1017/S1478951521000584
https://www.ncbi.nlm.nih.gov/pubmed/33942709
https://doi.org/10.1080/146608200300079536
https://www.ncbi.nlm.nih.gov/pubmed/11464847
https://doi.org/10.1590/S0004-282X2010000100010
https://www.ncbi.nlm.nih.gov/pubmed/20339651


Healthcare 2024, 12, 627 10 of 10

15. Roche, J.C.; Rojas-Garcia, R.; Scott, K.M.; Scotton, W.; Ellis, C.E.; Burman, R.; Wijesekera, L.; Turner, M.R.; Leigh, P.N.;
Shaw, C.E.; et al. A proposed staging system for amyotrophic lateral sclerosis. Brain 2012, 135, 847–852. [CrossRef] [PubMed]

16. BRASIL. Ministério da Saúde. Programa Nacional Telessaúde Brasil Redes. Bibl Virtual em Saúde Published Online First. 2021.
Available online: https://aps.bvs.br/programa-nacional-telessaude-brasil-redes/ (accessed on 13 May 2021).

17. BRASIL. Ministério da Saúde. Gabinete do Ministro. Portaria nº 467, de 20 de Março de 2020. Brasília. 2020. Available online:
https://www.planalto.gov.br/ccivil_03/portaria/prt/portaria%20n%C2%BA%20467-20-ms.htm (accessed on 13 May 2021).

18. American Thoracic Society/European Respiratory Society ATS/ERS Statement on Respiratory Muscle Testing. This joint statement
of the American Thoracic Society (ATS), and the European Respiratory Society (ERS) was adopted by the ATS board of directors,
March 2001 and by the ERS executive committee, in June 2001. Am. J. Respir. Crit. Care Med. 2002, 166, 518–624. [CrossRef]

19. García-Río, F.; Calle, M.; Burgos, F.; Casan, P.; del Campo, F.; Galdiz, J.B.; Giner, J.; González-Mangado, N.; Ortega, F.; Maestu, L.P.
Espirometria. Arch. Bronconeumol. 2013, 49, 388–401. [CrossRef] [PubMed]

20. Araújo, P.R.S.; Resqueti, V.R.; Nascimento, J., Jr.; Carvalho, L.D.A.; Cavalcanti, A.G.L.; Silva, V.C.; Silva, E.; Moreno, M.A.;
Andrade, A.D.F.D.D.; Fregonezi, G.A.D.F. Reference values for sniff nasal inspiratory pressure in healthy subjects in Brazil: A
multicenter study. J. Bras. Pneumol. 2012, 38, 700–707. [CrossRef]

21. Neder, J.; Andreoni, S.; Lerario, M.; Nery, L. Reference values for lung function tests: II. Maximal respiratory pressures and
voluntary ventilation. Braz. J. Med. Biol. Res. 1999, 32, 719–727. [CrossRef]

22. Maier, A.; Holm, T.; Wicks, P.; Steinfurth, L.; Linke, P.; Münch, C.; Meyer, R.; Meyer, T. Online assessment of ALS functional rating
scale compares well to in-clinic evaluation: A prospective trial. Amyotroph. Lateral Scler. 2012, 13, 210. [CrossRef]

23. Balendra, R.; Jones, A.; Jivraj, N.; Knights, C.; Ellis, C.M.; Burman, R.; Turner, M.R.; Leigh, P.N.; Shaw, C.E.; Al-Chalabi, A.
Estimating clinical stage of amyotrophic lateral sclerosis from the ALS Functional Rating Scale. Amyotroph. Lateral Scler. Front.
Degener. 2014, 15, 279–284. [CrossRef] [PubMed]

24. Masrori, P.; Van Damme, P. Amyotrophic lateral sclerosis: A clinical review. Eur. J. Neurol. 2020, 27, 1918–1929. [CrossRef]
[PubMed]

25. Chen, X.; Wei, Q.-Q.; Chen, Y.; Cao, B.; Ou, R.; Hou, Y.; Yuan, X.; Zhang, L.; Liu, H.; Shang, H. Clinical staging of amyotrophic
lateral sclerosis in Chinese patients. Front. Neurol. 2018, 9, 442. [CrossRef] [PubMed]

26. Al Khleifat, A.; Balendra, R.; Fang, T.; Al-Chalabi, A. Intuitive Staging Correlates with King’s Clinical Stage. Amyotroph. Lateral
Scler. Front. Degener. 2021, 22, 336–340. [CrossRef] [PubMed]

27. Manera, U.; Cabras, S.; Daviddi, M.; Vasta, R.; Torrieri, M.C.; Palumbo, F.; Bombaci, A.; Grassano, M.; Solero, L.; Peotta, L.; et al.
Validation of the Italian version of self-administered ALSFRS-R scale. Amyotroph. Lateral Scler. Front. Degener. 2021, 22, 151–153.
[CrossRef] [PubMed]

28. van Eijk, R.P.A.; Bakers, J.N.E.; Bunte, T.M.; de Fockert, A.J.; Eijkemans, M.J.C.; Berg, L.H.v.D. Accelerometry for remote
monitoring of physical activity in amyotrophic lateral sclerosis: A longitudinal cohort study. J. Neurol. 2019, 266, 2387–2395.
[CrossRef]

29. Calzada, N.G.; Soro, E.P.; Gomez, L.M.; Bulta, E.G.; Izquierdo, A.C.; Panades, M.P.; Sargatal, J.D.; Muñoz, E.F. Factors predicting
survival in amyotrophic lateral sclerosis patients on non-invasive ventilation. Amyotroph. Lateral Scler. Front. Degener. 2016, 17,
337–342. [CrossRef]

30. De Marchi, F.; Sarnelli, M.F.; Serioli, M.; De Marchi, I.; Zani, E.; Bottone, N.; Ambrosini, S.; Garone, R.; Cantello, R.;
Mazzini, L.; et al. Telehealth approach for amyotrophic lateral sclerosis patients: The experience during COVID-19 pandemic.
Acta Neurol. Scand. 2020, 143, 489–496. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/brain/awr351
https://www.ncbi.nlm.nih.gov/pubmed/22271664
https://aps.bvs.br/programa-nacional-telessaude-brasil-redes/
https://www.planalto.gov.br/ccivil_03/portaria/prt/portaria%20n%C2%BA%20467-20-ms.htm
https://doi.org/10.1164/rccm.166.4.518
https://doi.org/10.1016/j.arbres.2013.04.001
https://www.ncbi.nlm.nih.gov/pubmed/23726118
https://doi.org/10.1590/S1806-37132012000600004
https://doi.org/10.1590/S0100-879X1999000600007
https://doi.org/10.3109/17482968.2011.633268
https://doi.org/10.3109/21678421.2014.897357
https://www.ncbi.nlm.nih.gov/pubmed/24720420
https://doi.org/10.1111/ene.14393
https://www.ncbi.nlm.nih.gov/pubmed/32526057
https://doi.org/10.3389/fneur.2018.00442
https://www.ncbi.nlm.nih.gov/pubmed/29971035
https://doi.org/10.1080/21678421.2020.1867181
https://www.ncbi.nlm.nih.gov/pubmed/33821690
https://doi.org/10.1080/21678421.2020.1813307
https://www.ncbi.nlm.nih.gov/pubmed/32856494
https://doi.org/10.1007/s00415-019-09427-5
https://doi.org/10.3109/21678421.2016.1165256
https://doi.org/10.1111/ane.13373

	Introduction 
	Materials and Methods 
	Study Type and Participants 
	Patient and Public Involvement 
	Study Design 
	Pulmonary Function and Respiratory Muscle Strength 
	Functionality and Rate of Disease Progression 
	Disease Staging 
	Clinical Evaluation and Use of NIV 
	Adjustment and Prescription of NIV Support 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

