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Correlation between Forced Vital Capacity and Slow Vital Capacity
for the assessment of respiratory involvement in Amyotrophic
Lateral Sclerosis: a prospective study
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and *Department of Neurosciences and Mental Health, Hospital de Santa Maria-Centro Hospitalar Lisboa Norte,
Lisbon, Portugal

Abstract

Introduction: Slow vital capacity (SVC) and forced vital capacity (FVC) are the most frequent used tests evaluating
respiratory function in amyotrophic lateral sclerosis (ALS). No previous study has determined their interchangeability.
Objective: To evaluate SVC-FVC correlation in ALS. Methods: Consecutive definite/probable ALS and primary lateral
sclerosis (PLS) patients (2000-2014) in whom respiratory tests were performed at baseline/4-6months later were included.
All were evaluated with revised ALS functional rating scale, the ALSFRS respiratory (R-subscore) and bulbar subscores,
SVC, FVC, maximal inspiratory (MIP) and expiratory (MEP) pressures. SVC-FVC correlation was analysed by Pearson
product-moment correlation test. Paired z-test compared baseline/follow-up values. Multilinear regression analysis
modelled the relationship between tested variables. Results: We included 592 ALS (332 men, mean onset age
62.6 + 11.8 years, mean disease duration 15.4 + 15 months) and 19 PLS (11 men, median age 54 years, median disease
duration 5.5 years) patients. SVC and FVC predicted values decreased 2.15%/month and 2.08%/month, respectively. FVC
and SVC were strongly correlated. Both were strongly correlated with MIP and MEP and moderately correlated with R-
subscore for the all population and spinal-onset patients, but weakly correlated for bulbar-onset patients. Conclusions: FVC
and SVC were strongly correlated and declined similarly. This correlation was preserved in bulbar-onset ALS and in spastic
PLS patients.

Key words: Amyotrophic lateral sclerosis, forced vital capaciry, slow vital capacity, functional rating scale, maximal respiratory
pressures

INTRODUCTION

Respiratory insufficiency (RI) and other respiratory
complications resulting from weakness of the
respiratory muscles are the main cause of death in
Amyotrophic Lateral Sclerosis (ALS) (1). Although
usually a late event during the course of the disease,
RI can be the presenting feature (2). As the
respiratory muscle weakness emerges, patients with
ALS complain of dyspnoea on exertion, orthopnea,
abnormal sleep, morning headaches, daytime
sleepiness, cough impairment and respiratory infec-
tions (1).

Several different and complementary tests
assessing respiratory function in ALS have been
studied. Forced vital capacity (FVC), slow vital
capacity (SVC; also called vital capacity in some
studies), maximal inspiratory pressure (MIP),

maximal expiratory pressure (MEP) and sniff nasal
inspiratory pressure (SNIP) are non-invasive tests
frequently used in clinical practice. FVC predicts
prognosis in ALS (3,4) and can be more sensitive in
detecting diaphragmatic weakness when performed
in the supine position (5). FVC is predictive of
hypercapnia (6) and it is generally used to monitor
ALS patients (3,7,8). Values of arterial blood gases
tend to be normal until FVC measurements are very
low (3,9). MIP is more sensitive than FVC in
detecting hypoventilation (10) but it is difficult to
perform in patients with marked orofacial paresis
(11). In addition, it is not a good test to follow
patients for long periods as it has a marked early
decline (floor effect). SNIP and nocturnal pulse
oximetry are sensitive tools especially suited for ALS
patients with orofacial paresis and both predict
survival (12-14). In addition, SNIP is predictive of
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hypoventilation in patients with spinal-onset ALS
(15). Diaphragmatic motor response by percutan-
eous electrical phrenic nerve stimulation in the neck
to elicit motor responses is a non-volitional test
that predicts hypoventilation and survival in ALS
(16-18). The amplitude of the motor response
shows significant changes over short follow-up
periods (3-6 months), suggesting its utility in
clinical trials (16-18). Clinically, the respiratory
subscore of the revised ALS functional rating scale
(R-subscore) is routinely used worldwide to monitor
symptoms of respiratory involvement (19), but gives
limited information and can be misleading in some
patients (20).

In addition to FVC, SVC has long been used to
assess respiratory function in ALS. Both depend on
age, gender, height, weight and ethnicity of the
individuals (21). There seems to be little or no
difference between SVC and FVC in normal sub-
jects (22). However, some studies have found that
FVC values are lower than SVC in patients with
asthma and chronic obstructive pulmonary disease
(COPD) due to airflow limitation, small airway
collapse and gas trapping (22-24). In asthma and in
bronchiolitis obliterans syndrome after lung trans-
plantation, the difference increases with obstruction
severity and can be an indicator of air trapping
(22,25,26). It has been shown that not only the
difference between SVC and FVC but also the
FVC/SVC ratio is an indicator of airflow obstruction
and exercise tolerance (26,27).

In ALS there are no studies comparing SVC and
FVC. This subject is particularly relevant for clinical
management of ALS patients and clinical trials.
FVC can be technically more difficult to perform by
ALS patients with orofacial paresis as a higher
volume of air can be lost between the mouthpiece
and the weak lips. Consequently, underestimated
values can lead to early introduction of non-invasive
ventilation (NIV), thus excluding otherwise eligible
subjects for clinical trials.Furthermore, it is not
known whether spasticity can have a preferential
impact in FVC, as a rapid expiratory movement.
Finally, it is not possible to exclude differences
between SVC and FVC in ALS due to air trapping
in patients with severe expiratory muscle involve-
ment and atelectasis.

In different ALS centres, respiratory assessment
is done using either SVC or FVC, but not both. This
practice is mirrored in clinical trials, in which one
single measurement is used as outcome, although we
do not know if they give similar information.

With the present study we aim to investigate the
correlation between SVC and FVC in a longitudinal
data set from a large population of ALS patients. We
complement this evaluation with the results from
clinical evaluation and other respiratory tests. We
addressed bulbar-onset and primary lateral sclerosis
(PLS) patients to observe the influence of facial
weakness and spasticity on the results.

PATIENTS AND METHODS
Study population

Inclusion criteria

We included consecutive patients with ALS (with
definitive or probable disease accordingly to the
revised El Escorial criteria) and PLS followed in the
ALS Clinic of the Department of Neurosciences,
Hospital de Santa Maria-CHLN, in Lisbon, from
January 2000 to December 2014. PLS diagnosis was
established using the Pringle et al. criteria (28), with
4 or more years of clinical progression without
lower motor neuron dysfunction, as suggested
elsewhere (29).

Exclusion criteria

Patients with other medical conditions, in particular
heart failure, anaemia, history of thoracic surgery,
asthma and COPD were excluded. In addition,
patients with clinical signs of dementia or unable to
cooperate with the respiratory tests were not
recruited.

Investigations

All investigations were performed within one month
after the first clinical observation (baseline) and 4
and 6 months later for ALS and PLS patients,
respectively.

a) Chinical evaluation

All patients were evaluated with ALS functional
rating scale (ALSFRS), revised ALSFRS (ALSFRS-
R), bulbar subscore of ALSFRS-R (B-subscore,
including the 3 first questions of ALSFRS-R, scored
0-12); respiratory subscore (R-subscore, including
the last 3 questions of ALSFRS-R, scored 0-12),
upper limb subscore (UL-score, including questions
4,5 and 6 of ALSFRS-R, scored 0-12) and lower
limb subscore (LLL-subscore, including questions 7,
8 and 9 of ALSFRS-R, scored 0-12).

b) Respiratory function tests

For each patient the respiratory function tests were
performed with the same devices and by the same
technicians, always using nose clips for nose occlu-
sion and according to ATS/ERS guidelines (30):

b1) SVC and FVC. SVC and FVC were determined
with the patients in the sitting position, by using a
computer-based USB spirometer (microQuark®,
Cosmed®) or standard Jdger equipments (two
Jager® Masterlab®, and one Jager® Masterscreen®,
Erich Jager, GmbH, Wirzburg, Germany). All
measurements were performed by one of the authors
(SP), using microQuark®, Cosmed®, and the same
technician for Jiger® equipments. The best of three
satisfactory and consistent expiratory manoeuvres,



each obtained after a maximal inspiratory effort, was
used to determine the values of FVC and SVC.
Predicted values (%) were used for statistical ana-
lysis (31).

b2) MIP and MER MIP and MEP were measured
in the sitting position with a MicroRPM® device
(CareFusion®) by one of the authors (SP) and by
the same technician for the Jiger® equipments. The
best result from three consistent measurements of
MIP and MEP at the mouth against occluded
inspiratory and expiratory airways, respectively,
was used for statistical analyses, using its percentage
of predicted values (%).

Stanistical analysis

The primary endpoint of this study was to investi-
gate the correlation between SVC and FVC in ALS
in a longitudinal data set from a large population of
patients. Secondary endpoints included evaluation
of possible differences in sensitivity between FVC
and SVC as well as correlation of SVC and FVC
values with other clinical (ALSFRS-R, R-subscore)
and maximal pressures (MIP and MEP) evaluations.
The Pearson moment correlation test was used to
evaluate the correlation between SVC and FVC, and
correlations between these measurements and R-
subscore, UL-subscore, LL-subscore, MIP and
MEP (for the total population and for subgroups
according to type of ALS onset). Paired t-test
analyses were used to compare measurements at
baseline and 4 months after, in the total population
and in the spinal and bulbar subgroups. The same
comparisons between baseline versus 4-month were
done in the groups of patients with (R-subscore
<11) and without (R-subscore >11) significant
respiratory symptoms. Multilinear regression ana-
lysis (backward method) was applied to evaluate the
relationship of FVC/SVC with clinical features —
gender, age at onset, onset form, disease duration at
study entry, ALSFRS, bulbar-subscore, UL-sub-
score, LL-subscore, R-subscore, MIP and MEP.

Local ethics’ committee

The protocol for respiratory evaluations was
approved by the Centro Hospitalar Lisboa Norte-
Faculdade de Medicina Joint Ethics’ Committee.

RESULTS

We included 592 ALS patients (332 men; mean
onset age 62.6 + 11.8 years; mean disease duration
15.4+ 15 months). Onset form was spinal in 382
patients, bulbar in 184, respiratory in 10 and
predominant axial muscle weakness or generalised
disease in 16. All patients repeated the respiratory
tests at baseline and at 4 months. Values of the
functional scores and percentage of predicted values
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Table 1. Values of the functional scores and percentage of
predicted values (%) of the respiratory tests performed at study
entry and 4 months after.

Baseline 4 months after P
ALSFRS 32.4+5.2 28.85+7.1 <0.001
ALSFRS-R 40.2+5.4 36.6+7.5 <0.001
B-subscore 10.24+2.3 9.54+2.9 <0.001
UL-subscore 9.43+2.6 8.2+34 <0.001
LIL-subscore 9.15+2.7 8+3.2 <0.001
R-subscore 11.4+1.1 10.8+1.7 <0.001
SVC (% predicted) 93.34+19.6 85+24.8 <0.001
FVC (% predicted) 94.0£19.8 85.4+25.6 <0.001
MIP (% predicted) 58.9 +£26.7 53.1+28.5 <0.001
MEP (% predicted) 74.6 +29.1 64.2+33.2 <0.001

ALSFRS: ALS functional rating scale; ALSFRS-R: Revised ALS
functional rating scale; B-subscore: Bulbar subscore of
ALSFRS-R; FVC: Forced vital capacity; LL-subscore: Lower
limb subscore of ALSFRS-R; MIP: Maximal inspiratory
pressure; MEP: Maximal expiratory pressure; R-subscore:
Respiratory subscore of ALSFRS-R; SVC: Slow vital capacity;
UL-subscore: Upper limb subscore of ALSFRS-R.

(%) of the respiratory tests are summarised in
Table 1. As the number of patients with respiratory
and axial/generalised onset was small, no specific
statistical analyses was considered for these groups.
The additional group of 19 patients with PLS had a
median age at disease onset of 54 years (range 47-71
years) and median disease duration of 5.5 years
(range 5-7 years). Eight of these patients were
women.

For the total ALS population and for spinal and
bulbar onset patients there was a significant decrease
of all variables between the two evaluation times
(p<0.001). In the total population, percentage of
predicted values of FVC and SVC had a mean
decrease of 2.15%/month and 2.08%/month,
respectively. In the subgroups of patients with
significant respiratory symptoms (R-subscore <11),
all measurements decreased significantly, except for
MIP in patients with R-subscore <11 (p=0.082).

FVC and SVC in ALS patients were strongly
correlated both at baseline (**=0.98 for the total
population and spinal-onset patients, and > =0.96
for bulbar-onset patients, p<0.001) and 4 months
after (*=0.98 for the total population and spinal-
onset patients, and *=0.94 for bulbar-onset
patients, p<0.001) — Figure 1. FVC and SVC
were also strongly correlated with MIP and MEP
and moderately correlated with R-subscore in the
total population and spinal-onset patients at both
evaluations. For bulbar patients, although correl-
ations were statistically significant, they tended to be
weaker between FVC and SVC with R-subscore
(Table 2). In the subgroups of ALS patients with
and without respiratory involvement, there was a
strong correlation between FVC and SVC in both
evaluation periods (r=0.974 and 0.975 for patients
without respiratory involvement respectively for
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Figure 1. SVC-FVC correlation at: A. Baseline; B. Four months after.

Table 2. Correlation analyses (r values are shown).

ALSFRS-R R-subscore svC FVC MIP MEP
All population
Baseline
svC 0.427%* 0.385%% 1 0.976%* 0.508%* 0.590%*
FVC 0.424%* 0.366** 0.976** 1 0.520%* 0.596%*
4mo after
SvVC 0.487%* 0.303%* 1 0.975%* 0.565%* 0.634%*
FVC 0.478%* 0.305%* 0.975%* 1 0.546** 0.636%*
Spinal onset patients
Baseline
SvVC 0.471%* 0.440%* 1 0.980%** 0.510%* 0.603*%*
FVC 0.459%* 0.430%* 0.980%* 1 0.510%* 0.600%*
4mo after
svC 0.537%% 0.318%* 1 0.983%* 0.586%* 0.669%*
FVC 0.532%% 0.312%% 0.983%* 1 0.563%%* 0.681%%
Bulbar onset patients
Baseline
Y6 0.432%% 0.302%* 1 0.962%* 0.427%% 0.474%*
FVC 0.445%% 0.275%% 0.962%* 1 0.451%*% 0.484%**
4 mo after
SVC 0.409%* 0.246* 1 0.943%* 0.381%% 0.438%*
FVC 0.406%* 0.243% 0.943%* 1 0.378%* 0.413%*

ALSFRS-R: Revised ALS functional rating scale; FVC: Forced vital capacity; MIP: Maximal inspiratory pressure; MEP: Maximal
expiratory pressure; mo: Months; R-subscore: Respiratory subscore of ALSFRS-R; SVC: Slow vital capacity.

**Significant for p<0.001.
*Significant for p<0.05.

baseline and after 4 months; r=0.966 and r=0.963
in patients with respiratory involvement respectively
for baseline and after 4 months, p<0.001). In the
subgroup of patients with R-subscore <11 we found
a lower correlation between SVC and FVC and MIP
(r=0.585 and 0.572 at baseline and r=0.577 and
0.579 after 4 months, respectively).

At baseline, for the total ALS population,
percentage of predicted value for FVC and SVC

were associated with gender (higher in men,
$»<0.001); ALSFRS (»p<0.001), bulbar-subscore
(»=0.004 for FVC and p=0.025 for SVC), UL~
subscore (p<0.001 for FVC and p=0.001 for
SVC), LL-subscore (p=0.007 for FVC and
p»=0.028 for SVC), MIP (p<0.001) and MEP
(p<0.001). After 4 months, for the total popula-
tion, FVC and SVC were associated with
(»=0.004 for FVC and p=0.001 for SVC);



ALSFRS (»p<0.001), MIP (»p<0.001) and MEP
(»<0.001).

In the 19 PLS patients FVC and SVC were
strongly correlated both at baseline and 6 months
after (r=0.993 and r=0.997, respectively,
»<0.001).

DISCUSSION

Respiratory function in ALS patients should be
monitored to detect signs of respiratory impairment
that, in association to clinical symptoms, support
the indication for non-invasive ventilation (32,33).
Moreover, as hypoventilation is predictive of sur-
vival in ALS (3,4), it is necessary to include
respiratory evaluation in the design of clinical
trials. NIV is associated with increased survival
and quality of life in ALS, at least for those patients
without major bulbar involvement (34,35).

FVC has been extensively used in ALS, in
particular in clinical trials. SVC is a less demanding
test for patients. It is also frequently used in ALS in
trials and to monitor disease progression. Both
depend on patient’s cooperation and could be
underestimated in patients with marked facial par-
esis. SNIP has been proposed as an option because
is not as affected by lip weakness. Nonetheless, the
learning effect impact is important for SNIP deter-
mination, which has potential major implications in
patients’ follow-up (36).

The hypothesis in this study was that values of
FVC and SVC are statistically similar in ALS.
However, as forced exhalation is a necessary
condition for FVC determination, fatigue, lower
airflow patency and expiratory muscle weakness
could have a higher impact in FVC than in SVC.
To our knowledge no study has explored possible
differences between FVC and SVC in ALS
patients.

In this study, we used the percentage of the
predicted value of the respiratory tests, as usually
applied to show respiratory test results and recom-
mended for evaluating respiratory function (37).
Our results show that FVC and SVC predicted
values are strongly correlated and decline similarly
in patients with ALS and PLS, including patients
with bulbar-onset ALS. Furthermore, both FVC
and SVC are strongly correlated with MIP and
MEP, and moderately correlated with clinical
scores. As derived from a multiregression model,
both FVC and SVC are influenced by gender, MIP
and MEP at the two evaluation timings, and
associated with the ALSFRS. However, FVC and
SVC are not associated with on R—subscore, which
indicates that the respiratory subscale of the
ALSFRS is less sensitive to the decline in respiratory
status than are direct objective measurements.
In fact, Cedarbaum ez al. found no correlation
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between FVC and the respiratory question of the
ALSFRS (38).

In patients with relevant symptoms of respiratory
distress (R—subscore <11) the correlation between
FVC and SVC with MIP is weaker, possibly relate to
two major factors: MIP floor effect and technical
difficulties in recording a reliable MIP value in
patients with marked facial paresis or have marked
respiratory fatigue. Additionally, a less effective
coordination between the respiratory and voluntary
upper airways muscles can give a contribution to
poor MIP evaluation performance. This poor coord-
ination can explain the weaker correlation between
FVC and SCV in bulbar-onset patients, in particular
at the second evaluation.

In conclusion, our results show that FVC and
SVC provide interchangeable information regarding
respiratory function in ALS, but that respiratory
symptoms as determined by the ALSFRS are poorly
correlated with these measurements.

Declaration of interest

This study was funded through an independent
grant from Cytokinetics. Editorial support was
provided by Brett Wells and Aruna Seth, PhD
from Envision Pharma Group and funded by
Cytokinetics.

References

1. Pinto S, de Carvalho M. Breathing new life into treatment
advances for respiratory failure in amyotrophic lateral
sclerosis patients. Neurodegen Dis Manage. 2014;4:83-102.

2. de Carvalho M, Matias T, Evangelista T, Pinto A, Sales Luis
ML. Motor neuron disease presenting with respiratory
failure. J Neurol Sci. 1996;139:117-22.

3. Fallat R], Jewitt B, Bass M, Kamm B, Norris F. Spirometry
in amyotrophic lateral  sclerosis. Arch  Neurol.
1979;36:74-80.

4. Czaplinski A, Yen AA, Appel SH. Forced vital capacity
(FVC) as an indicator of survival and disease progression in
an ALS clinic population. J Neurol Neurosurg Psychiatry.
2006;77:390-2.

5. Lechtzin N, Wiener CM, Shade DM, Clawson L, Diette
GB. Spirometry in the supine position improves de detection
of diaphragmatic weakness in patients with amyotrophic
lateral sclerosis. Chest. 2002;121:436-42.

6. Pinto S, Turkman A, Pinto A, Swash M, de Carvalho M.
Predicting respiratory insufficiency in amyotrophic lateral
sclerosis: The role of phrenic nerve studies. Clin
Neurophysiol. 2009;120:941-6.

7. Schiffman PL, Belsh JM. Pulmonary function at diagnosis of
amyotrophic lateral sclerosis. Rate of deterioration. Chest.
1993;103:508-13.

8. 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.

9. Kaplan LM, Hollander D. Respiratory dysfunction in
amyotrophic  lateral sclerosis. Clin  Chest Med.
1994;15:675-81.

10. Jackson CE, Rosenfeld J, Moore DH, Bryan WW, Barohn
R], Wrench M, et al. A preliminary evaluation of a
prospective study of pulmonary function studies and symp-
toms of hypoventilation in ALS/MND patients. J Neurol Sci.
2001;191:75-8.



6

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

S. Pinto and M. de Carvalho

Pinto S, Pinto A, de Carvalho M. Do bulbar-onset amyo-
trophic lateral sclerosis patients have an earlier respiratory
involvement than spinal-onset amyotrophic lateral sclerosis
patients? Eura Medicophys. 2007;43:505-9.

Morgan RK, McNally S, Alexander M, Conroy R,
Hardiman O, Costello RW. Use of Sniff nasal-inspiratory
force to predict survival in amyotrophic lateral sclerosis. Am
J Respir Crit Care Med. 2005;171:269-74.

Velasco R, Salachas F, Munerati E, Le Forestier N, Pradat
PF, Lacomblez L, et al. Nocturnal oxymetry in patients with
amyotrophic lateral sclerosis: role in predicting survival. Rev
Neurol (Paris). 2002;158:575-8.

Pinto A, de Carvalho M, Evangelista T, Lopes A, Sales Luis
ML. Nocturnal pulse oximetry: a new approach to establish
the appropriate time for non-invasive ventilation in.
Amyotrophic Lateral Sclerosis Patients. Amyotroph Lateral
Scler. 2003;4:31-5.

Lyall RA, Donaldson N, Polkey MI, Leigh PN, Moxham ]J.
Respiratory muscle strength and ventilatory failure in
amyotrophic lateral sclerosis. Brain. 2001;124:2000-13.
Pinto S, de Carvalho M. Symmetry of phrenic nerve motor
response in Amyotrophic Lateral Sclerosis. Muscle Nerve.
2010;42:822-5.

Pinto S, Geraldes R, Vaz N, Pinto A, de Carvalho M.
Changes of the phrenic nerve motor response in amyotrophic
lateral sclerosis: longitudinal study. Clin Neurophysiol.
2009;120:2082-5.

Pinto S, Pinto A, de Carvalho M. Phrenic nerve studies
predict survival in Amyotrophic Lateral Sclerosis. Clin
Neurophysiol. 2012;123:2454-9.

Pinto S, Swash M, de Carvalho M. Respiratory exercise in
amyotrophic lateral sclerosis. Amyotroph Lateral Scler.
2012;12:33-43.

Pinto S, de Carvalho M. The R of ALSFRS-R: does it really
mirror functional respiratory involvement in amyotrophic
lateral sclerosis? Amyotroph Lateral Scler Frontotemporal
Degener. 2015;16:120-3.

Hutchinson J. On the capacity of the lungs, and on the
respiratory functions, with a view of establishing a precise
and easy method of detecting disease by the spirometer. Med
Chir Trans. 1846;29:137-252.

Chhabra SK. Forced vital capacity, slow vital capacity, or
inspiratory vital capacity: which is the best measure of vital
capacity? J Asthma. 1998;35:361-5.

Brusasco V, Pellegrino A, Rodarte JR. Vital capacities in
acute and chronic airway obstruction: dependence on flow
and volume histories. Eur Respir J. 1997;10:1316-20.
O’Brien C, Guest PJ, Hill SL, Stockley RA. Physiological
and radiological characterisation of patients diagnosed with
chronic obstructive pulmonary disease in primary care.
Thorax. 2000;55:635-42.

Chan ED, Irvin CG. The detection of collapsible airways
contributing to airflow limitation. Chest. 1995;107:856-9.
Cohen J, Postma DS, Vink-Klooster K, van der Bij W,
Verschuuren E, Ten Hacken NH, et al. FVC to slow

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

inspiratory vital capacity ratio, a potential marker for small
airways obstruction. Chest. 2007;132:1198-203.

Yuan W, He X, Xu Q-F, Wang HY, Casaburi R. Increased
difference between slow and forced vital capacity is
associated with reduced exercise tolerance in COPD
patients. BMC Pulm Med. 2014;14:16. doi: 10.1186/
1471-2466-14-16.

Pringle CE, Hudson AJ, Munoz DG, Kiernan JA, Brown
WF, Ebers GC. Primary lateral sclerosis. Clinical features,
neuropathology and diagnostic criteria. Brain.
1992;115:495-520.

Gordon PH, Cheng B, Katz IB, Pinto M, Hays AP,
Mitsumoto H, Rowland LP. The natural history of primary
lateral sclerosis. Neurology. 2006;66:647-53.

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

Knudson RJ, Lebowitz MD, Holberg CJ], Burrows B.
Changes in the normal maximal expiratory flow-volume
curve with growth and aging. Am Rev Respir Dis.
1983;127:725-34.

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.

Miller RG, Rosenberg JA, Gelinas DF, Mitsumoto H,
Newman D, Sufit R, et al. Practice parameter: The care of
the patient with amyotrophic lateral sclerosis (an evidence-
based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology:
ALS DPractice Parameters Task Force. Neurology.
1999;52:1311-23.

Pinto AC, Evangelista T, Carvalho M, Alves MA, Luis MS.
Respiratory assistance with a non-invasive ventilator (Bipap)
in MND/ALS patients: survival rates in a controlled trial.
J Neurol Sci. 1995;129:19-26.

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 Neurology.
2006;5:140-7.

Bauer M, Czell D, Hartmann S, Goldman B, Miiller D,
Weber M. Limitations of sniff nasal pressure as an outcome
measurement in amyotrophic lateral sclerosis patients in a
clinical trial. Respiration. 2012;84:306-11.

American Thoracic Society statement. Evaluation of impair-
ment/disability secondary to respiratory disease. Am Rev
Respir Dis. 1982;126:945-51.

Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D,
Thurmond B, Nakanishi A. 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.



	Correlation between Forced Vital Capacity and Slow Vital Capacity for the assessment of respiratory involvement in Amyotrophic Lateral Sclerosis: a prospective study
	INTRODUCTION
	PATIENTS AND METHODS
	RESULTS
	DISCUSSION
	Declaration of interest
	References


