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Abstract
Background: Hypoventilation due to respiratory insufficiency is the most common cause of death in amyotrophic
lateral sclerosis (ALS) and non-invasive ventilation (NIV) can be used as a palliative treatment. The current guidelines
recommend performing spirometry, and recording nocturnal oxyhemoglobin saturation and arterial blood gas
analysis to assess the severity of the hypoventilation. We examined whether the respiratory rate and thoracic
movement were reliable preliminary clinical signs in the development of respiratory insufficiency in patients with
ALS.
Methods: We measured the respiratory rate and thoracic movement, performed respiratory function tests and
blood gas analysis, and recorded subjective hypoventilation symptoms in 42 ALS patients over a 7-year period. We
recommended NIV if the patient presented with hypoventilation matching the current guidelines. We divided
patients retrospectively into two groups: those to whom NIV was recommended within 6 months of the diagnosis
(Group 1) and those to whom NIV was recommended 6 months after the diagnosis (Group 2). We used the Mann
Whitney U test for comparisons between the two groups.
Results: The mean partial pressure of arterial carbon dioxide in the morning in Group 1 was 6.3 (95% confidence
interval 5.6–6.9) kPa and in Group 2 5.3 (5.0–5.6) kPa (p = 0.007). The mean respiratory rate at the time of diagnosis
in Group 1 was 21 (18–24) breaths per minute and 16 (14–18) breaths per minute in Group 2 (p = 0.005). The mean
thoracic movement was 2.9 (2.2–3.6) cm in Group 1 and 4.0 (3.4–4.8) cm in Group 2 (p = 0.01). We observed no
other differences between the groups.
Conclusions: Patients who received NIV within six months of the diagnosis of ALS had higher respiratory rates and
smaller thoracic movement compared with patients who received NIV later. Further studies with larger numbers of
patients are needed to establish if these measurements can be used as a marker of hypoventilation in ALS.
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Background
Amyotrophic lateral sclerosis (ALS) is a form of degenerative motor neuron disease of unknown etiology. The
disease is characterized by progressive muscle weakness
and atrophy throughout the body [1-3]. The prevalence
is 4–8 in 100 000 and the annual incidence is 1–2 in 100
000 [4]. Prognosis is poor with a median survival from the
onset of symptoms of 2–4 years [5,6]. Despite extensive
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effort, no curative treatment is available and riluzole
(a tetrodotoxin-sensitive sodium channel blocker) is the
only drug that can slow the progression of the disease
[7,8]. Therefore, treatment following the diagnosis is
palliative [9,10].
Hypoventilation due to respiratory insufficiency is the
most common cause of death in patients with advanced
ALS [3,5]. Non-invasive ventilation (NIV) has been
recommended for ALS patients when hypoventilation
occurs because it relieves dyspnoea, increases the quality
of life, and may prolong survival in late stage ALS
patients [11-13]. The current guidelines recommend
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beginning NIV if the patient presents with dyspnoea,
orthopnoea, disturbed sleep, tachypnoea, nocturnal desaturation < 90%, increased morning carbon dioxide partial pressure (pCO2) > 6 kPa, decreased sniff nasal
pressure < 40 cmH2O, decreased maximum inspiratory
mouth pressure (MIP) < 60 cmH2O, or decreased forced
vital capacity (FVC) < 80% [9,10,14]. However, there is
great international variation in the use of different diagnostic tests prior to initiation of NIV.
The onset of muscle weakness varies between patients
and symptoms may appear first in the limbs or they may
start from the bulbar area leading to dysphagia and
speech difficulties [3]. This wide variability in the clinical
course of ALS can be challenging for the clinician because the progression of respiratory insufficiency also
greatly varies among these patients [1,3]. Because of this
variability, the current guidelines recommend a clinical
visit every 2–3 months [9,10]. Although nocturnal desaturation and carbon dioxide tension can be recorded
noninvasively, it is often not possible to perform these
measurements outside the hospital because of lack of
devices and health care providers to assist the patient.
The measurement of increased morning pCO2 requires
blood sampling by a health care professional. In addition,
spirometric measurements require good facial function,
as patients have to hold their lips tightly around the
mouthpiece of the spirometer. In ALS patients with
severe bulbar dysfunction, this measurement may be
unreliable [10,15]. We therefore wished to determine if
we could use respiratory rate and thoracic movement as
preliminary clinical signs in the development of respiratory insufficiency.

Methods
Design

This study was a retrospective register study. According
to Finnish legislation, patient consent is not required
for register studies in Finland. The study protocol was
approved by the ethics committee of the Hospital District
of South-West Finland. The data were collected as part of
routine measurements in patients diagnosed with ALS at
the Turku University Hospital during January 2005 to
March 2012. A total of 77 patients fulfilled the El Escorial
World Federation criteria for ALS [16]. NIV treatment
and other palliative treatments were offered to all the
patients. The respiratory measurements were obtained
within three months of the diagnosis in only 42 patients
who were included in the per-protocol analysis of the data.
Twenty-nine patients were excluded because respiratory
measurements were not performed within the threemonth period from the diagnosis. The three-month time
window was assumed to reflect the respiratory function of
the patients at the time of the ALS diagnosis. We excluded
an additional three patients because of lack of cooperation
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(frontotemporal dementia) and three patients declined
follow-up for NIV. Although NIV was recommended for
42 patients, 29 of these 42 patients were able to use NIV.
Based on earlier studies [5,6] in which the course of the
disease was rapid, we divided these 42 patients retrospectively into two groups: those for whom NIV was recommended within 6 months from the diagnosis (Group 1;
n = 22) and those for whom NIV was recommended after
6 months from the diagnosis (Group 2; n = 20) (Figure 1).
Before the NIV trial, we asked the patients if they were
willing to start the treatment. Each patient made the final
decision whether to begin NIV.
Data collection

The patients were referred to the Department of Pulmonary Diseases, following diagnosis of ALS by a neurologist.
An experienced respiratory physiotherapist performed the
respiratory function tests. The respiratory rate was
assessed before any other measurements with the patient
awake, in a supine position and following a one-hour rest.
A specialized nurse observed and calculated the respiratory rate during one minute. We measured forced vital
capacity (FVC) and forced expiratory volume exhaled in
1s (FEV 1) using a hand-held MicroPlusW spirometer
(Cardinal Health, Chatham, UK), and expressed each as a
fraction of the predicted values in per cent [17]. Respiratory muscle tests included assessments of peak cough flow
(PCF), maximum inspiratory mouth pressure (MIP), maximum expiratory mouth pressure (MEP), and sniff nasal
pressure (SNP), all measured with MicroRPMW (Cardinal
Health, Chatham, UK). We performed each measurement
three times with the patient in a sitting position and submitted the best value for the analyses. We measured the
thoracic movement at the mammillary level with the patient in a sitting position and recorded the difference in
the thoracic circumference between the maximal inspiration and expiration. The respiratory rate was expressed
as breaths per min (BPM) at rest. An arterial blood gas
sample was drawn from the radial artery in the morning
just after waking and with the patient in a supine position.
We assessed the subjective symptoms of hypoventilation
using a set of visual analogue scales (VAS) using a 10 cm
long line with opposite extremes at each end, where 0
indicated no symptoms and 10 indicated the worst imaginable symptoms; assessing dyspnoea, cough weakness,
sleep disturbances, morning headaches, and daytime
sleepiness. If a patient was not able to tick the line on the
VAS because of impaired motor function of his/her hand,
the physiotherapist marked the patient’s response.
Ventilatory support

NIV was provided using a pressure-targeted ventilator
(VPAP III STW, ResMed, Bella Vista, Australia). Both a
pulmonologist and an anaesthesiologist assessed the
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ALS diagnosed 1/2005–3/2012
n=77
Excluded because of missing measurements
n=29
Measurements within 3 months from the diagnosis
n=48
Declined participation or dementia
n=6
NIV recommended
n=42

GROUP 1
NIV recommended
within 6 months of diagnosis
n=22

GROUP 2
NIV recommended
after 6 months from diagnosis
n=20

NIV tolerated
n=12

NIV tolerated
n=17

Figure 1 Study flow chart.

need for NIV. The primary criteria for recommendation
for an NIV trial were dyspnoea at rest, increased pCO2 >
5.5 kPa or decreased pO2 < 10 kPa in the morning arterial blood gases or decreased FVC under 50% of the predicted value. The secondary criteria for recommendation
for an NIV trial were MIP < 60 cmH2O, or SNP < 40
cmH2O. We interpreted a VAS score > 5 for dyspnoea as
an indication to recommend an NIV trial. The remainders of the measurements were used as supportive
criteria to recommend an NIV trial.
Statistical analyses

The results are shown as mean with a 95% confidence
interval unless otherwise stated. We used the Mann
Whitney U test for comparisons between the two groups
at the time of the diagnosis. P values < 0.05 were considered statistically significant. We used GraphPad Prism
Software, Version 5.00 (San Diego, California, USA) for
the statistical calculations.

Results
The records for 42 patients with ALS (20 male, 22 female)
were adequate for analysis. The characteristics of the
patients are shown in Table 1. The age and the duration of

the symptoms before the diagnosis of ALS did not differ
between the groups.
The mean pCO2 and pO2 in the morning arterial
blood gas samples at the time of diagnosis in Group 1
were 6.3 (5.6–6.9) and 9.8 (9.3–10.4) kPa, respectively.
The mean pCO2 and pO2 at the time of diagnosis in
Group 2 were 5.3 (5.0–5.6) and 10.7 (9.4–12) kPa, respectively. The mean pCO2 was significantly higher in
Group 1 (p = 0.007) whereas the values for mean pO2
did not differ between the two groups (p = 0.4). The
mean respiratory rate at the time of diagnosis in Group
1 was 21 (18–24) BPM and 16 (14–18) BPM in Group 2
(p = 0.005). The mean thoracic movement at the time
of diagnosis in Group 1 was 2.9 (2.2–3.6) cm and 4.0
(3.4–4.8) cm in Group 2 (p = 0.01). We observed no
other differences between the two groups (Table 2).

Discussion
This was a retrospective study to clarify if we could use
the respiratory rate and thoracic movement as preliminary clinical signs for the development of significant respiratory insufficiency in ALS patients. The main finding
in our study was that patients who received NIV within
six months of the diagnosis of ALS had higher respiratory

Table 1 Patient characteristics
Group 1 (n=22)
Age at diagnosis (years)

Group 2 (n=20)

Median

Range

Median

Range

p

69

49–83

69

54–85

0.9

Duration from the first symptoms to diagnosis (months)

11

1–48

13

3–60

0.8

Duration from the diagnosis to initiation of NIV (months)

2

0–5

12

6–29

< 0.001

The difference between the groups was assessed using the Mann Whitney U test.
NIV = non-invasive ventilation.
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Table 2 Respiratory function tests, blood-gas analysis and subjective symptoms at the time of diagnosis
Group 1
Measurement

Mean (95% CI)

Group 2
n

Mean (95% CI)

n

p*

Lung function tests
FVC (%)

58 (44–72)

20

69 (58–74)

20

0.4

FEV 1/s (%)

59 (46–72)

20

69 (61–72)

20

0.2

MIP (cmH2O)

29 (20–39)

21

48 (30– 65)

20

0.07

MEP (cmH2O)

40 (28–52)

21

60 (42–78)

20

0.07

SNP (cmH2O)

24 (9–40)

18

31 (21–41)

18

0.1

PCF (l/min)

240 (180–300)

18

310 (250–370)

20

0.1

Respiratory muscle force

Severity of hypoventilation symptoms
Dyspnoea

4 (3–6)

21

2 (1–3)

20

0.05

Cough weakness

3 (2–5)

21

3 (1–4)

20

0.4

Sleep disturbance

5 (3–6)

21

3 (2–3)

20

0.05

Morning headaches

2 (0–3)

21

1 (0–2)

20

0.7

Daytime sleepiness

4 (3–6)

21

4 (2–5)

20

0.4

Thoracic movement (cm)

2.9 (2.2–3.6)

22

4.0 (3.4–4.8)

20

0.01

Respiratory rate (breaths/min)

21 (18–24)

22

16 (14–18)

20

0.005

Arterial blood-gas analysis
pCO2 (kPa)

6.3 (5.6–6.9)

17

5.3 (5.0–5.6)

12

0.007

pO2 (kPa)

9.8 (9.3–10.4)

17

10.7 (9.4–12)

12

0.4

*Determined using the Mann Whitney U test.
n = number of patients completing the measurement; CI = confidence interval; FVC = forced vital capacity expressed as % from the reference values; FEV 1 =
forced expiratory volume exhaled in one second and expressed as % from the reference values; MIP = maximal inspiratory mouth pressure; MEP = maximal
expiratory mouth pressure; SNP = sniff nasal pressure; PCF = peak cough flow. All measurements were performed three times in a sitting position and the best
values were recorded.
The severity of hypoventilation symptoms was assessed using a visual analogue scale (VAS) in which 0 represented no symptoms and 10 represented the worst
symptoms that the patients could imagine. Thoracic movement was measured using a measuring tape and recorded as the difference in the thoracic
circumference during maximal inspiration and expiration at the mammillary level.

rates and smaller thoracic movement at diagnosis compared with patients who received NIV later.
Among healthy subjects, a respiratory rate under 15
BPM allows a physiologically optimal level of work of
breathing [18,19]. In advanced ALS, thoracic compliance
is usually decreased, resulting in decreased tidal volume
[20], increased respiratory rate and work of breathing
[18,19]. NIV can help patients compensate for the
decreased thoracic compliance and thus decrease the respiratory frequency and the work of breathing [20,21].
Although the retrospective study design and small number of patients did not allow the calculation of positive
and negative predictive values and cut-off values for respiratory rate and thoracic movement in the assessment
of respiratory insufficiency in ALS, it appears that NIV
was initiated within six months from diagnosis for those
patients who had a respiratory rate at least of 20 BPM at
the moment of diagnosis.
Another result of interest was that we failed to show
any difference in dyspnoea between the two study
groups (Table 2). The patients scored only mild symptoms of dyspnoea and morning headaches at the

moment of diagnosis in both groups. The same was true
for sleep disturbances and daytime sleepiness. In a previous study with 36 ALS patients, respiratory complaints
did not occur until the vital capacity, MIP, or MEP were
severely impaired [22]. In that study, the strongest correlation with dyspnoea was a decline in vital capacity.
The authors suggested that a small reduction in vital
capacity does not cause any symptoms except in heavy
exercise. The patients decrease their physical activity because of skeletal muscle weakness, and thus may not feel
dyspnoeic during their daily activities unless more
strenuous exercise is required. Our results are similar as
our patients complained of very little dyspnoea at the
time of diagnosis. Nevertheless, as our patients were
aware of the possibility of initiating NIV, they might
have been reluctant to disclose the severity of their
symptoms and intentionally underestimated their response in our VAS query. A larger sample size might
show a difference in dyspnoea.
FVC and FEV 1 are commonly used to assess pulmonary function in lung diseases [23] and in ALS patients.
Previously, FVC, SNP, MIP and MEP were determined
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in 16 ALS patients monthly over a period of 18 ± 10
months [24]. The SNP, MIP and MEP were severely
reduced even though the FVC remained normal. In
addition, the measurement of MIP and MEP was difficult in these advanced ALS patients because they had
difficulties tightly holding the mouthpiece of the recording device. This led to air leaks and reduced the values
of MIP and MEP. A reduced SNP of under 40 cmH2O
has been suggested as the most sensitive and easiest test
to perform in ALS patients [9,10,24]. However, although
we found that the SNP was severely reduced in both
groups, only those with an increased respiratory rate in
Group 1 were ready to start NIV (Table 2).
Our study has limitations. First, the retrospective design compared the respiratory measurements between
two different patient groups at one single time point.
Thus, we cannot draw definitive conclusions for the cutoff values for respiratory rate or thoracic movement to
indicate the need for NIV. Further studies are needed. In
addition, the only inclusion criterion was the respiratory
assessment within three months from diagnosis. Thus,
we did not evaluate other pulmonary or heart diseases
which might have biased the results. Second, the ideal is
a randomized prospective trial in which the initiation of
NIV is blinded and the subjects are observed from an
asymptomatic stage until severe hypoventilation occurs.
However, because NIV is established in palliative care in
ALS [9,10], ethical aspects have to be considered in randomized study designs, especially if the initiation of NIV
is somehow blinded. Moreover, the diagnosis of ALS is
often delayed and the patients often have reduced ventilation capacity at the time of diagnosis [22,25]. We saw
this in our patients as the median time from the first
symptoms until diagnosis ranged from 11 to 13 months
(Table 1). During this time, the patients’ symptoms were
evaluated at the primary care level or not at all. Thus,
when we met the patients, half already showed moderately to severely reduced FVC (60%), SNP (24 cmH2O),
MIP (29 cmH2O), or MEP (41 cmH2O) and NIV was
recommended based on a single measurement without
follow-up. Third, we dealt with severely ill patients,
whose NIV initiation was based on both the clinical
measurements and the patient’s own desire. The fact
that NIV was based on the patient’s own desire may
have biased the answers in the hypoventilation questionnaire if the patients reported no or only mild symptoms
of hypoventilation even if they had severely reduced
respiratory measurements.

Conclusions
The use of NIV as palliative treatment has previously
been shown to relieve symptoms as well as to improve
survival in ALS patients [11-13]. However, the optimal
timing for initiating NIV is not yet well established.
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Most of the available methods used to evaluate the degree of hypoventilation and the need for NIV require
well-trained health care professional and special devices.
In contrast, assessing resting respiratory rate or thoracic
movement can be performed in a patient’s home by primary care nursing staff and could be a feasible screening
tool for detecting hypoventilation. However, further
studies are needed to define the positive and negative
predictive values and cut-off values for respiratory rate
and thoracic movement in the assessment of respiratory
insufficiency in ALS.
Abbreviations
ALS: Amyotrophic lateral sclerosis; NIV: Non-invasive ventilation; FVC: Forced
vital capacity; FEV 1: Forced expiratory volume exhaled in 1s; PCF: Peak
cough flow; MIP: Maximum inspiratory mouth pressure; MEP: Maximum
expiratory mouth pressure; SNP: Sniff nasal pressure.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
WS, TS, AV, KO and RA designed the study. WS, TS and AV collected the
data. WS and TS were responsible for the interpretation of the data. WS, TS
and SS prepared the manuscript. All authors participated in critical revision
of the article for important intellectual content, and approved the final
version of the article.
Acknowledgements
We wish to thank all the patients and their families for their cooperation in
this study. We wish to thank Professor Riitta Suhonen for her intellectual
comments on this manuscript. We also wish to thank the head nurse of the
Ventilatory Support Unit, Kristiina Ylitalo-Liukkonen and all of the personnel
at the Department of Pulmonary Diseases, Turku University Hospital, for
performing all the measurements.
Author details
1
Department of Anaesthesiology, Intensive Care, Emergency Care and Pain
Medicine, Turku University Hospital and University of Turku, Turku, Finland.
2
Department of Pulmonary Diseases, Turku University Hospital, Turku, Finland.
3
Department of Nursing Science, University of Turku, Turku, Finland.
Received: 11 June 2012 Accepted: 17 December 2012
Published: 27 December 2012
References
1. Tandan R, Bradley WG: Amyotrophic lateral sclerosis: Part 1. Clinical
features, pathology, and ethical issues in management. Ann Neurol 1985,
18(3):271–280.
2. Tandan R, Bradley WG: Amyotrophic lateral sclerosis: Part 2.
Etiopathogenesis. Ann Neurol 1985, 18(4):419–431.
3. Rowland LP, Shneider NA: Amyotrophic lateral sclerosis. N Engl J Med
2001, 344(22):1688–1700.
4. Brooks BR: Clinical epidemiology of amyotrophic lateral sclerosis.
Neurol Clin 1996, 14(2):399–420.
5. del Aguila MA, Longstreth WT Jr, McGuire V, Koepsell TD, van Belle G:
Prognosis in amyotrophic lateral sclerosis: a population-based study.
Neurology 2003, 60(5):813–819.
6. Louwerse ES, Visser CE, Bossuyt PM, Weverling GJ: Amyotrophic lateral
sclerosis: mortality risk during the course of the disease and prognostic
factors. The Netherlands ALS Consortium. J Neurol Sci 1997, 152(Suppl1):
S10–S17.
7. Morren JA, Galvez-Jimenez N: Current and prospective disease-modifying
therapies for amyotrophic lateral sclerosis. Expert Opin Investig Drugs 2012,
21(3):297–320.
8. Bensimon G, Lacomblez L, Meininger V: A controlled trial of riluzole in
amyotrophic lateral sclerosis. ALS/Riluzole Study Group. N Engl J Med
1994, 330(9):585–591.

Siirala et al. BMC Palliative Care 2012, 11:26
http://www.biomedcentral.com/1472-684X/11/26

9.

10.
11.

12.

13.

14.

15.

16.

17.
18.
19.
20.

21.
22.
23.

24.

25.

Page 6 of 6

Andersen PM, Abrahams S, Borasio GD, de Carvalho M, Chio A, Van Damme P,
Hardiman O, Kollewe K, Morrison KE, Petri S, 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(3):360–375.
Radunovic A, Mitsumoto H, Leigh PN: Clinical care of patients with
amyotrophic lateral sclerosis. Lancet Neurol 2007, 6(10):913–925.
Bourke SC, Bullock RE, Williams TL, Shaw PJ, Gibson GJ: Noninvasive
ventilation in ALS: indications and effect on quality of life. Neurology
2003, 61(2):171–177.
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 randomised controlled trial.
Lancet Neurol 2006, 5(2):140–147.
Lechtzin N, Scott Y, Busse AM, Clawson LL, Kimball R, Wiener CM: Early use
of non-invasive ventilation prolongs survival in subjects with ALS.
Amyotroph Lateral Scler 2007, 8(3):185–188.
Miller RG, Jackson CE, Kasarskis EJ, England JD, Forshew D, Johnston W,
Kalra S, Katz JS, Mitsumoto H, Rosenfeld J, et al: Practice parameter update:
the care of the patient with amyotrophic lateral sclerosis: drug,
nutritional, and respiratory therapies (an evidence-based review): report
of the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology 2009, 73(15):1218–1226.
Singh D, Verma R, Garg RK, Singh MK, Shukla R, Verma SK: Assessment of
respiratory functions by spirometry and phrenic nerve studies in
patients of amyotrophic lateral sclerosis. J Neurol Sci 2011, 306(1–2):76–81.
Brooks BR: El Escorial World Federation of Neurology criteria for the
diagnosis of amyotrophic lateral sclerosis. Subcommittee on Motor
Neuron Diseases/Amyotrophic Lateral Sclerosis of the World Federation
of Neurology Research Group on Neuromuscular Diseases and the El
Escorial "Clinical limits of amyotrophic lateral sclerosis" workshop
contributors. J Neurol Sci 1994, 124(Suppl):96–107.
Viljanen AA, Halttunen PK, Kreus KE, Viljanen BC: Spirometric studies in
non-smoking, healthy adults. Scand J Clin Lab Invest Suppl 1982, 159:5–20.
Gallagher CG, Hof VI, Younes M: Effect of inspiratory muscle fatigue on
breathing pattern. J Appl Physiol 1985, 59(4):1152–1158.
Lumb AB PR: Nunn's Applied Respiratory Physiology. Seventh edition:
Churchill Livingstone Elsevier; 2010.
Lechtzin N, Shade D, Clawson L, Wiener CM: Supramaximal inflation
improves lung compliance in subjects with amyotrophic lateral sclerosis.
Chest 2006, 129(5):1322–1329.
Kallet RH, Diaz JV: The physiologic effects of noninvasive ventilation.
Respir Care 2009, 54(1):102–115.
Schiffman PL, Belsh JM: Pulmonary function at diagnosis of amyotrophic
lateral sclerosis. Rate of deterioration. Chest 1993, 103(2):508–513.
Gardner RM: Standardization of spirometry: a summary of
recommendations from the American Thoracic Society. The 1987
update. Ann Intern Med 1988, 108(2):217–220.
Fitting JW, Paillex R, Hirt L, Aebischer P, Schluep M: Sniff nasal pressure:
a sensitive respiratory test to assess progression of amyotrophic lateral
sclerosis. Ann Neurol 1999, 46(6):887–893.
Zoccolella S, Beghi E, Palagano G, Fraddosio A, Samarelli V, Lamberti P,
Lepore V, Serlenga L, Logroscino G: Predictors of delay in the diagnosis
and clinical trial entry of amyotrophic lateral sclerosis patients: a
population-based study. J Neurol Sci 2006, 250(1–2):45–49.

doi:10.1186/1472-684X-11-26
Cite this article as: Siirala et al.: Using respiratory rate and thoracic
movement to assess respiratory insufficiency in amyotrophic lateral
sclerosis: a preliminary study. BMC Palliative Care 2012 11:26.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

