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The Dyspnea-ALS-Scale (DALS-15)

optimizes individual treatment in patients
with amyotrophic lateral sclerosis (ALS)
suffering from dyspnea
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Abstract

Background: Dyspnea is frequent in amyotrophic lateral sclerosis (ALS) and one of the most bothersome symptoms.
The recently developed Dyspnea-ALS-Scale (DALS-15) is a disease-specific patient-reported outcome to detect and
quantify dyspnea.

Objectives: To analyze in a case-based approach the diagnostic and clinical implications and the benefit of the DALS-
15 for individual patients in daily clinical routine.

Methods: Dyspnea was assessed by the 15-item comprising DALS-15 in two patients with ALS. Spirometry was
performed and blood gases were analyzed. Results were evaluated in the clinical context of the respective patients.

Results: In one patient the presence of dyspnea detected by the DALS-15 indicated noninvasive ventilation (NIV)
although forced vital capacity (FVC) and blood gas analysis were well preserved. After NIV implementation,
the DALS-15 was helpful to determine the patient’s need for medication, the timing of NIV titration and the
adaptation of NIV sessions. In another patient, who was anarthric and no longer able to perform spirometry
due to severe bulbar impairment, the DALS-15 allowed a standardized assessment of dyspnea-related distress
independently of bulbar dysfunction.

Conclusion: The DALS-15 provides a deeper insight into the respiratory status of individual patients. It helps
to diagnose respiratory impairment in patients in whom NIV should be considered although FVC and blood
gas results do not reveal indication for NIV. It is also valuable for the guidance of patients in later stages of
respiratory impairment when NIV is already implemented, and in patients with severe bulbar dysfunction. The
DALS-15 can improve specific symptom management and coordination of care and therefore has the potential to
optimize individual treatment in ALS patients with dyspnea.
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Background
Amyotrophic lateral sclerosis (ALS) is a devastating neu-
rodegenerative disease with rapidly progressive loss of
motor function. Most patients die within 3 to 5 years of
symptom development due to respiratory complications
and ventilatory failure [1]. The main focus of current
clinical care in ALS is centered on alleviating symptoms.
One of the most bothersome symptoms is dyspnea [2–5]
occurring in about 80% of the patients during the course
of the disease [6].
A recently published algorithm on decision making re-

garding initiation of noninvasive ventilation (NIV) in pa-
tients with ALS explicitly mentions the symptom of
dyspnea as the first criterion to consider NIV [7]. Hence,
regular evaluation of dyspnea during the course of the
disease is a critical part of patient care in ALS. However,
as the absence of dyspnea does not mean that there is
no respiratory impairment, the algorithm requires suc-
cessive spirometry (forced vital capacity, FVC < 50% or
probable 75%) and polygraphy as quantifiable and ob-
jective parameters to initiate NIV [7]. Up to now, NIV is
the strongest evidence-based therapy to prolong survival
and improve quality of life in ALS [8]. Hence, the assess-
ment of dyspnea is of great relevance for patient care
and symptom management. Therefore, we recently de-
veloped and validated the Dyspnea-ALS-Scale (DALS-
15) to detect and quantify the subjective sensation of
dyspnea in a disease-specific manner [9]. The DALS-15
is a 15-item rating scale which is completed by the pa-
tients themselves, a so-called patient reported outcome
(PRO). The use of a PRO instrument is advised when a
concept may be better understood by the patient (e.g.,
severity of a symptom or state of a disease) [10]. The
DALS-15 satisfies the rigorous criteria required by the
Rasch model, allowing for quantification of dyspnea on
an interval scale level [11]. One of the advantages of the
DALS-15 is a high reliability index, the so-called Person
Separation Index (PSI), with a value of 0.85 [9] indicat-
ing the ability of the scale to discriminate amongst re-
spondents on an individual level. According to Tennant
and Conaghan a minimum PSI of 0.7 is required for
group-use and 0.85 for individual use of a scale [11].
Thus, the DALS-15 is applicable for individual patient
evaluation and renders the assessment of dyspnea more
standardized. It therefore can support wider acceptance
of the patient reported experience of dyspnea as a criter-
ion for NIV consideration in ALS.
Our recent study showed that the DALS-15 refers to

dyspnea as a subjective component of respiratory im-
pairment not captured by objective parameters like spi-
rometric testing or blood gas analysis. In that study, up
to 80% of patients with dyspnea according to the DALS-
15 had spirometric test results and blood gas values still
above the threshold values to initiate NIV (forced vital
capacity (FVC) ≥50%, partial pressure of carbon dioxide
(pCO2) < 45mmHg) [12]. Nevertheless, in these patients
NIV should be considered due to the presence of dys-
pnea. Patients and clinicians benefit from the DALS-15
in that it may help to improve the stratification of pa-
tients with respiratory impairment and to support
decision-making in terms of indication for NIV. The
DALS-15 may thus contribute to more efficient symp-
tom management and coordination of care with major
impact on quality of life in ALS.
We now focus on the diagnostic and clinical implica-

tions of the DALS-15 and the benefit for optimizing
symptom management for individual patients in the
daily clinical routine using a case-based approach.

Methods
Patients
This report presents two patients with dyspnea in ALS
who were part of a larger study to develop and validate
the DALS-15 [9]. They were exemplarily selected be-
cause they distinctiveley illustrate the diagnostic and
clinical utility of the DALS-15 in clinical routine. Case 1
is representative for the group of patients in whom NIV
should be considered although FVC and blood gas re-
sults do not reveal indication for NIV [12] and there is
the striking finding of hypocapnia on presentation. The
further clinical course of this case is valuable to demon-
strate the clinical implications of the DALS-15 in later
stages of respiratory impairment. Case 2 was considered
representative for patients with advanced bulbar im-
pairment in whom the DALS-15 can be of particular
value due to loss of speech and the inability to per-
form spirometry.
The patients provided written informed consent before

enrolment. They underwent pulmonary function tests
and daytime blood gas analysis. Arterialized capillary
blood was obtained from the earlobe at rest and analyzed
using an ABL 800 Flex blood gas analyzer (Radiometer,
Willich, Germany). Spirometry was performed with a
portable Easy-One™ spirometer (ndd Medizintechnik AG,
Zurich, Switzerland) using the software EasyWare 2012
Version 2.24.0.0. Measurements were recorded for the
FVC in sitting and supine positions and were expressed as
a percentage of the predicted value [13]. The percentage
of decline in FVC upon changing from the upright to su-
pine position was calculated (ΔFVC). A decline up to 10%
can be considered normal and in case of ΔFVC > 25% in
conjunction with restrictive pulmonary function relevant
diaphragmatic weakness can be assumed [14].
Dyspnea was assessed by the DALS-15, which com-

prises 15 items [9]. It refers to the patient’s condition
during the past 2 weeks using a 3-point Likert scale (0 =
never, 1 = occasionally and 2 = often). The sum score
ranges from 0 (no dyspnea) to a maximum of 30 points



Vogt et al. Health and Quality of Life Outcomes           (2019) 17:95 Page 3 of 6
(severe dyspnea). The onset site of the first symptom
was classified as bulbar or spinal (upper or lower limb,
respiratory and axial) [15]. Physical functioning was
assessed using the patient-rated ALS Functional Rating
Scale - Extension (ALSFRS-EX) [16, 17] which consists
of 15 items and is the extended version of the 12 items
comprising ALSFRS - Revised (ALSFRS-R) [18]. As the
latter scale is more commonly used, both scores are re-
ported. Lower scores represent worse conditions.

Results
Case 1
A 72-year-old male patient with ALS suffered from
moderate dyspnea (DALS-15 sum score: 14 out of 30
points) about 13 months after the diagnosis of ALS
(spinal form with upper limb onset, ALSFRS-EX score
40/60, ALSFRS-R score 31/48). However, in tests of pul-
monary function he still performed quite well (FVC up-
right 123%, FVC supine 104%, ΔFVC 15%). Blood gas
results showed hypocapnia (pH 7.5, pCO2 25mmHg,
partial pressure of oxygen (pO2) 89 mmHg, standard bi-
carbonate (sHCO3) 23mmol/l, base excess (BE) -3.5).
With regard to the results of the DALS-15 and after ex-
clusion of other stress factors, the findings of the blood
gas analysis were interpreted as hyperventilation (re-
spiratory rate: 18 breaths per minute) due to the distres-
sing sensation of dyspnea. The results of the spirometric
tests and blood gas analysis did not point towards NIV.
However, the DALS-15 identified dyspnea as an indica-
tor for NIV consideration. As a consequence, the patient
was referred to a sleep laboratory and nocturnal NIV
was started. Six months later, the patient reported that
dyspnea had increased in the preceding weeks, which
was reflected by a higher DALS-15 sum score of 19
points. At the same time, we observed a rapid deterior-
ation of the spirometric test results (FVC upright 74%,
FVC supine 41%). The percentage of decline in FVC
upon changing from the upright to supine position
(ΔFVC) reached 45%, now indicating severe diaphrag-
matic weakness. The spirometric test results thus indi-
cated NIV initiation 6 months later than the assessment
of the subjective feeling of dyspnea by the DALS-15 did.
Blood gas analysis now showed normocapnia. Due to the
increase in the DALS-15 score and the rapid decline in
the tests of pulmonary function, a scheduled appoint-
ment in the sleep laboratory was brought forward to
optimize the ventilator settings. The patient was pre-
scribed lorazepam 0.5 mg sublingually for episodes of
paroxysmal breathlessness to reduce the associated anx-
iety and referral to a home palliative care service was
recommended. Another 2 months later the patient was
no longer able to visit our outpatient clinic and asked
for a telephone consultation. He reported that dyspnea
had even worsened and persisted at rest for some days
now. He already received additional morphine. Never-
theless, dyspnea became a major burden (DALS-15 sum
score: 24 points). He still declined tracheostomy and in-
vasive ventilation. When asked about the current dosage
of lorazepam, the patient said, that he had so far hesi-
tated to take it. We addressed his concerns regarding
lorazepam and strongly recommended to take this medi-
cation every four to 6 hours as needed. For further
symptom relief we recommended to extend NIV into
daytime hours beginning with about 3 h. Three weeks
later the patient died peacefully at home.

Case 2
Another 51-year-old male patient, who was diagnosed
with bulbar ALS 13 months ago, attended the emergency
department due to dyspnea and was admitted to the
ward (ALSFRS-EX score 38/60, ALSFRS-R score 28/48).
He was unable to communicate verbally and used a
communication device. The severity and impact of dys-
pnea were evaluated using the DALS-15. This short bed-
side test with only ticking the answers did not bother
the patient but gave us a good impression into the
dyspnea-related distress the patient endured. According
to the DALS-15, the patient suffered from severe dys-
pnea (DALS-15 sum score: 26 out of 30 points). He af-
firmed items of the DALS-15 representing a high
symptom and emotional burden like “I have highly
threatening dyspnea” (occasionally), “I am short of
breath, while sitting still” (occasionally), “I wake up be-
cause of breathlessness at night” (often) and “I have fear
of suffocation” (often). Blood gas analysis showed hyper-
capnia (pH 7.35, pCO2 47 mmHg, pO2 75 mmHg,
sHCO3 23 mmol/l, BE 4.6) corresponding to a later stage
of respiratory impairment. Due to distinct bulbar impair-
ment the patient could not perform spirometry. NIV
was clearly indicated due to the blood gas analysis and
the test results of the DALS-15 signaling the presence of
severe dyspnea but was refused because of the patient’s
claustrophobia. He decided against tracheostomy and in-
vasive ventilation. Treatment of the patient’s respiratory
complaints focused on secretion management and
symptom-oriented drug administration beginning with
morphine 2.5 mg orally three times daily for longer
phases of dyspnea which occurred at rest and at night
(see items of the DALS-15 above). Additionally, he was
treated with lorazepam 0.5 mg two times a day sublin-
gually and up to two rescue medications to reduce the
affective distress caused by dyspnea (e.g. “fear of suffoca-
tion”). The patient was referred to a specialized palliative
care team at his home place and died after 2 months.

Discussion
Dyspnea clearly indicates a relevant impairment of re-
spiratory function and is therefore the first stage of the
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recently proposed algorithm for initiation of NIV in pa-
tients with ALS [7]. Patient case 1 illustrates that the
DALS-15 already detected dyspnea-related distress while
FVC and blood gas analysis were quite well preserved.
In this case the assessment of dyspnea through the
DALS-15 thus could help to optimize coordination of
care and symptom management. Initiation of NIV before
onset of severe respiratory failure seems to improve ad-
herence to the therapy [7]. Therefore, it is often helpful
to give the patient time to get used to NIV, even though
survival time is very limited when respiratory impair-
ment is manifest in ALS. Patient 1 died within 9 months
after the detection of dyspnea and there was a dramatic
decline of the FVC of 50% during a period of 6 months.
The rate of FVC decline and the onset of dyspnea are
predictors of the individual ALS patient’s survival [6].
According to the literature, only 3% of the patients sur-
vive more than 2 years after onset of dyspnea [6].
According to Polkey et al. [19], the vital capacity de-
clines slowly until 12 months before death, followed by a
rapid decline until death as was also seen in our patient.
The observation of hypocapnia in the first blood gas
analysis in patient 1 was at the first glance a striking
finding, because blood gas abnormalities in ALS rather
relate to hypercapnia [20]. However, according to our re-
cent study in a substantial study cohort of 70 patients
with ALS suffering from dyspnea, 6% of the patients pre-
sented with hypocapnia [12]. Initial hyperventilation has
also been described in a case series of patients with
neuromuscular diseases who developed respiratory fail-
ure. Later during the disease course, as tidal volume de-
creases, alveolar ventilation is reduced first to normal
and then to low levels resulting in hypercapnia [21].
Dyspnea despite well preserved parameters of pulmon-

ary function in our patient on presentation suggests in-
cipient respiratory failure. This supports the clinical
relevance of the DALS-15 scoring in early stages of re-
spiratory impairment. The assessment of dyspnea
through the DALS-15 over a wide range of symptom se-
verity is methodologically supported by the optimal tar-
geting of the DALS-15 allowing for estimation of
dyspnea with good accuracy from mild to severe dyspnea
without a ceiling or floor effect [9]. Case 1 also illus-
trates that the DALS-15 is valuable for the guidance of
patients in later stages of respiratory impairment when
NIV is already implemented and dyspnea increases. Ac-
cordingly, the monitoring of dyspnea helped to optimize
individual treatment in terms of determining the pa-
tient’s need for medication, the timing of NIV titration
in the sleep laboratory and the adaptation of the dur-
ation of NIV sessions. A recent study showed that the
positive effects of NIV on dyspnea do not carry over to
periods of unassisted breathing. Consequently, there is a
clear need for an increased awareness of the persistence
of dyspnea-related distress during unassisted breathing
[5]. In case 1 the DALS-15 showed that the patient still
suffered from dyspnea-related distress despite NIV ther-
apy indicating that the patient was therefore in a need
for additional drug therapy for symptom relief. Also, in
patient 2 the DALS-15 demonstrated the magnitude and
implications of dyspnea for the patient’s daily living re-
quiring urgent treatment whereas in this case drug ther-
apy was the main approach. However, ALS-related
dyspnea has so far received little attention beyond NIV
and terminal care [5] and in contrast to other diseases
there is only little evidence from the literature regarding
dosage, efficacy and safety of drug therapy. So far only
one study investigated morphine treatment in patients
with terminal ALS more systematically, and demon-
strated that therapeutic doses of morphine were safe and
effectively reducing tachypnea and the intensity of dys-
pnea [22]. That lack of data may lead to uncertainty and
tentativeness in treating ALS patients with dyspnea
resulting in insufficient symptom management to the
detriment of the patients. The application of the DALS-
15 could be highly relevant as an outcome measure to
capture the patients’ perspective in future clinical trials
for pharmacological management of dyspnea.
In case 2, the DALS-15 was of benefit because the pa-

tient could indicate, non-verbally, how he was experien-
cing dyspnea. Despite this apparent impediment with
loss of speech, the DALS-15 supported a standardized
assessment of dyspnea-related distress and the diagnosis
of respiratory impairment in a patient who was no lon-
ger able to perform spirometry due to severe bulbar im-
pairment. In patients with bulbar or facial weakness
many tests of pulmonary function cannot be adequately
performed due to mouth leaks as they are unable to ef-
fectively seal their lips around the tube or mouthpiece.
Moreover, vocal cord spasms, excessive saliva and gag-
ging can interfere with test performance in these pa-
tients [23–26]. The DALS-15 allows for a standardized
assessment independently of bulbar dysfunction. The de-
velopment of the DALS-15 ensured that bulbar onset of
the disease does not influence the probabilities of en-
dorsing the items of the scale.

Conclusions
Responding to dyspnea across the disease course is of
high priority in patients with ALS and requires careful
patient-centered assessment and quantification of dys-
pnea. This study shows the diagnostic and clinical impli-
cations and the benefit of the DALS-15 for individual
patients in daily clinical routine. The use of the DALS-
15 provides the opportunity to gain a deeper insight into
the respiratory status of an individual patient and cap-
tures dyspnea-related distress as a subjective component
of respiratory impairment in a standardized manner. It
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can help to detect dyspnea and diagnose respiratory im-
pairment in patients in whom NIV should be considered
due to the presence of dyspnea although FVC and blood
gas values do not reveal indication for NIV. The imple-
mentation of the DALS-15 is also valuable for the guid-
ance of patients in later stages when NIV is already
introduced, and in patients with severe bulbar dysfunc-
tion in whom assessment of respiratory function is diffi-
cult due to loss of speech and inability to perform
spirometric tests. The DALS-15 therefore has the poten-
tial to optimize individual treatment in ALS patients
with dyspnea.

Abbreviations
ALS: Amyotrophic lateral sclerosis; ALSFRS-EX: ALS Functional Rating Scale –
Extension; BE: Base excess; DALS-15: Dyspnea-ALS-Scale; FVC: Forced vital
capacity; NIV: Noninvasive ventilation; pCO2: Partial pressure of carbon
dioxide; pO2: Partial pressure of oxygen; PRO: Patient reported outcome;
PSI: Person separation index; sHCO3: Standard bicarbonate; ΔFVC: Percentage
of decline in forced vital capacity upon changing from upright to supine position

Acknowledgments
Not applicable

Authors’ contributions
SV: study design, data collection, manuscript preparation; SS, SP and StV:
contribution to analysis of the data and writing the manuscript; RD and HJH:
critically revising manuscript. All authors read and approved the final version
of the manuscript.

Funding
The work was supported by a grant to Susanne Vogt from the Deutsche
Gesellschaft für Muskelkranke e.V., DGM (German Society for Muscle Diseases
e.V.) Freiburg, Germany.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Ethics approval and consent to participate
The study was approved by the institutional ethics committees of Hannover
Medical School and the University of Magdeburg and has, therefore, been
performed in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

Consent for publication
All patients provided written informed consent before enrollment.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Neurology, Otto-von-Guericke University, Leipziger Str. 44,
D-39120 Magdeburg, Germany. 2Department of Neurology, Hannover
Medical School, Carl-Neuberg-Str. 1, D-30625 Hannover, Germany. 3German
Center for Neurodegenerative Diseases, Leipziger Str. 44, D-39120
Magdeburg, Germany. 4Leibniz Institute for Neurobiology, Brenneckestraße 6,
D-39118 Magdeburg, Germany.

Received: 6 March 2019 Accepted: 28 May 2019

References
1. Ringel SP, Murphy JR, Alderson MK, Bryan W, England JD, Miller RG, et al.

The natural history of amyotrophic lateral sclerosis. Neurology. 1993;43:1316–22.
2. Nicholson K, Murphy A, McDonnell E, Shapiro J, Simpson E, Glass J, et al.

Improving symptom management for people with amyotrophic lateral
sclerosis. Muscle Nerve. 2018;57:20–4.
3. Dougan CF, Connell CO, Thornton E, Young CA. Development of a patient-
specific questionnaire in motor neurone disease (MND): the MND dyspnea
rating scale (MDRS). J Neurol Sci. 2000;180:86–93.

4. Abdulla S, Vielhaber S, Kollewe K, Machts J, Heinze HJ, Dengler R, et al. The
impact of physical impairment on emotional well-being in ALS. Amyotroph
Lateral Scler Frontotemporal Degener. 2014;15:392–7.

5. Morélot-Panzini C, Perez T, Sedkaoui K, de Bock E, Aguilaniu B, Devillier P,
et al. The multidimensional nature of dyspnoea in amyotrophic lateral
sclerosis patients with chronic respiratory failure: air hunger, anxiety and
fear. Resp Med. 2018;145:1–7.

6. Vender RL, Mauger D, Walsh S, Alam S, Simmons Z. Respiratory system
abnormalities and clinical milestones for patients with amyotrophic
lateral sclerosis with emphasis on survival. Amyotroph Lateral Scler.
2007;8:36–41.

7. Prell T, Ringer TM, Wullenkord K, Garrison P, Gunkel A, Stubendorff B, et al.
Assessment of pulmonary function in amyotrophic lateral sclerosis: when
can polygraphy help evaluate the need for non-invasive ventilation?
J Neurol Neurosurg Psychiatry. 2016;87:1022–6.

8. Bourke SC, Tomlinson M, Williams TL, Bullock RE, Shaw PJ, Gibson GJ. Effects
of non-invasive ventilation on survival and quality of life in patients with
amyotrophic lateral sclerosis: a randomized controlled trial. Lancet Neurol.
2006;5:140–7.

9. Vogt S, Petri S, Dengler R, Heinze HJ, Vielhaber S. Dyspnea in
amyotrophic lateral sclerosis (ALS): Rasch-based development and
validation of a patient-reported outcome (DALS-15). J Pain Symptom
Manag. 2018;56:736–45.

10. Food and Drug Administration: Guidance for industry: patient-reported
outcome measures: use in medical product development to support
labeling claims. Silver Spring, MD 2009. http://www.fda.gov/downloads/
Drugs/.../Guidances/UCM193282.pdf (Accessed 09 Jan 2019).

11. Tennant A, Conaghan PG. The Rasch measurement model in rheumatology:
what is it and why use it? When should it be applied, and what should one
look for in a Rasch paper? Arthritis Rheum. 2007;57:1358–62.

12. Vogt S, Schreiber S, Kollewe K, Körner S, Heinze H-J, Dengler R, et al.
Dyspnea in amyotrophic lateral sclerosis: the dyspnea-ALS-scale (DALS-
15) essentially contributes to the diagnosis of respiratory impairment.
Respir Med. in press.

13. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26:319–38.

14. Allen SM, Hunt B, Green M. Fall in vital capacity with posture. Br J Dis Chest.
1985;79:267–71.

15. Turner MR, Wicks P, Brownstein CA, Massagli MP, Toronjo M, Talbot K, et al.
Concordance between site of onset and limb dominance in amyotrophic
lateral sclerosis. J Neurol Neurosurg Psychiatry. 2011;82:853–4.

16. Wicks P, Massagli MP, Wolf C, Heywood J. Measuring function in
advanced ALS validation of ALSFRS-EX extension items. Eur J Neurol.
2009;16:353–9.

17. Abdulla S, Vielhaber S, Körner S, Machts J, Heinze HJ, Dengler R, et al.
Validation of the German version of the extended ALS functional
rating scale as a patient-reported outcome measure. J Neurol. 2013;
260:2242–55.

18. Cedarbaum JM, Stambler N, Malta E, Cynthia Fuller C, Hilt D, Thurmond B,
Nakanishi A, BDNF ALS Study Group (Phase III): The ALSFRS-R: a revised ALS
functional rating scale that incorporates assessments of respiratory function.
BDNF ALS study group (Phase III). J Neurol Sci 1999;169:13–21.

19. Polkey MI, Lyall RA, Yang K, Johnson E, Leigh PN, Moxham J. Respiratory
muscle strength as a predictive biomarker for survival in amyotrophic lateral
sclerosis. Am J Respir Crit Care Med. 2017;195:86–95.

20. Andersen PM, Abrahams S, Borasio GD, de Carvalho M, Chio A, Van
Damme P, et al. EFNS guidelines on the clinical management of
amyotrophic lateral sclerosis (MALS)--revised report of an EFNS task
force. Eur J Neurol. 2012;19:360–75.

21. Harrison BD, Collins JV, Brown KG, Clark TJ. Respiratory failure in neuromuscular
diseases. Thorax. 1971;26:579–84.

22. Clemens KE, Klaschik E. Morphine in the management of dyspnea in ALS. A
pilot study. Eur J Neurol. 2008;15:445–50.

23. Lyall RA, Donaldson N, Polkey MI, Leigh PN, Moxham J. Respiratory muscle
strength and ventilator failure in amyotrophic lateral sclerosis. Brain. 2001;
124:2000–13.

24. Radunović A, Mitsumoto H, Nigel Leigh P. Clinical care of patients with
amyotrophic lateral sclerosis. Lancet Neurol. 2007;6:913–25.

http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf


Vogt et al. Health and Quality of Life Outcomes           (2019) 17:95 Page 6 of 6
25. Cudkowicz M, Qureshi M, Shefner J. Measures and markers in amyotrophic
lateral sclerosis. NeuroRx. 2004;1:273–83.

26. Banerjee SK, Davies M, Sharples L, Smith I. The role of facemask spirometry
in motor neuron disease. Thorax. 2013;68:385–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients

	Results
	Case 1
	Case 2

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

