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ABSTRACT: Respiratory complications are common in the terminal stages of multi-
ple sclerosis and contribute to mortality in these patients. When respiratory motor
pathways are involved, respiratory muscle weakness frequently occurs. Although it is
well established that weakness of the respiratory muscles produces a restrictive venti-
latory defect, the degree of muscle weakness and pulmonary function are poorly re-
lated. Respiratory muscle weakness was observed in patients with normal or near
normal pulmonary function. Expiratory muscle weakness is more prominent than
inspiratory muscle weakness and may impair performance of coughing. Subsequently,
in addition to bulbar dysfunction, respiratory muscle weakness may contribute to
ineffective coughing, pneumonia, and sometimes even acute ventilatory failure may
ensue. Respiratory muscle weakness may also occur early in the course of the disease.
Recent studies suggest that the respiratory muscles can be trained for both strength
and endurance in multiple sclerosis patients. Whether respiratory muscle training
delays the development of respiratory dysfunction and subsequently improves exer-
cise capacity and cough efficacy, prevents pulmonary complications or prolongs sur-
vival in the long-term remains to be determined.
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Multiple sclerosis (MS) is a primary disorder of the cen-
tral nervous system. Its pathological hallmark is the pres-
ence of multiple areas of nerve demyelination which may
vary in size and location. Hence, disturbances of nerve
conduction may be responsible for the symptoms that typ-
ically develop acutely, remain stable for a few weeks, and
then partially regress. MS affects motor pathways and
causes muscle weakness and spasticity. Although much of
the interest was devoted to upper and lower limb muscles
involved in activities of daily living and ambulation, re-
cent papers have also addressed the issue of respiratory
muscle weakness in these patients [1±4].

The diagnosis of MS frequently prompts the question of
whether or not the disease will be fatal [5±7]. Most studies
on mortality focus on mortality patterns and rates rather
than the actual cause of death. The studies addressing the
causes of death were based on selective populations or fo-
cus on specific causes of death such as neoplasms [8±11].
However, several studies have indicated that approxima-
tely half of the patients died from complications of MS,
with pneumonia being the most frequent underlying cause
[12±14]. These data were based on a MS population fol-
lowed prospectively up to 16 yrs, and were likely more ac-
curate than those from death certificates.

Since pulmonary complications make an important con-
tribution to morbidity and mortality in MS, it is useful to
review pulmonary function and respiratory muscle func-
tion in MS. In addition, strategies to improve respiratory
muscle function may be important to reduce the deterior-

ation of pulmonary function and perhaps improve symp-
toms and survival.

Pulmonary symptoms and morbidity

When respiratory motor pathways are involved, respira-
tory muscle impairment and subsequent acute or chronic
ventilatory failure may ensue. As in other neuromuscular
diseases [15±17], respiratory muscle weakness, abnormal
control of breathing, or increased respiratory system elas-
tance with increased work of breathing may be involved in
the respiratory disturbances in MS.

The largest series of MS patients with respiratory in-
volvement was reported by HOWARD et al. [18], who stud-
ied 19 cases of respiratory complications developing, on
average 9.5 yrs after the onset of neurological symptoms.
Overall, high cervical cord lesions were seen in 17 of 19
patients and bulbar lesions in 12 of 19 patients presenting
with acute respiratory insufficiency. The authors divided
the causes of respiratory dysfunction into five categories:
respiratory muscle weakness, bulbar dysfunction, obstruc-
tive sleep apnoea, abnormalities of respiratory control,
and paroxysmal hyperventilation (table 1). In most cases,
more than one cause was found. Bulbar dysfunction in-
creased the risk of aspiration and lower respiratory tract
infection. In their review, CARTER and NOSEWORTHY [19]
frequently observed progressive breathlessness, orthopn-
oea, and sleep disturbances as signs of impending respira-
tory failure. Patients with significant diaphragm weakness
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had prominent orthopnoea and sleep disturbance, because
of the drop in vital capacity when assuming the supine
position [20].

Two patterns of respiratory dysfunction may occur in
MS [1]. Firstly, acute respiratory failure might develop
secondary to demyelinating lesions of the cervical spinal
cord or the respiratory centres of the medulla. Secondly,
aspiration, pneumonia, and respiratory failure may occur
in advanced stages of the disease.

Acute respiratory insufficiency has been described in
MS patients [18, 19, 21±26], but is relatively rare in MS.
Other investigations have stated that acute, occasionally
fatal, respiratory failure is not uncommon [12, 27]. Acute
respiratory failure usually reflects extensive bulbar dis-
ease. The consequences of large lesions of the medulla or
cervical spinal cord include altered ventilatory patterns,
acute loss of voluntary control of respiration, and apnoea
causing acute respiratory failure. However, the detailed
analysis of acute respiratory involvement in MS is often
complicated by secondary systemic factors such as dehy-
dration, aspiration pneumonitis and sepsis [20]. Ventila-
tory support may be required during an acute episode [22,
26, 28].

The second pattern of respiratory dysfunction is charac-
terized by atelectasis, aspiration, and pneumonia; these
are common terminal events in the advanced stages of
MS. In addition, aspiration pneumonia and atelectasis are
frequently the precipitating causes of hospitalization in
severe disease [27, 28].

Respiratory involvement may occur earlier in the course
of the disease, particularly during relapses [29], but the
degree of pulmonary dysfunction in the milder stages of
MS is not well characterized. For early diagnosis of respi-
ratory symptoms, SMELTZER et al. [1] developed the Pul-
monary Index (table 2), comprised of four clinical signs:
1) the patient's report of difficulty in clearing pulmonary
secretions; 2) the patient's report of a weakened cough; 3)
the examiner's observation of the patient's cough; and 4)
the ability to count on a single exhalation. Of 25 patients,
only eight reported that their cough was weak, whereas an
examiner rated the cough of 15 patients as weak. Eleven
patients reported difficulty clearing pulmonary secretions
and occasional choking. Eight were unable to count to 20
on a single exhalation. Expiratory muscle weakness was
significantly related to the Pulmonary Index (r=0.70, p<
0.001). Other studies confirmed the importance of expira-
tory muscle weakness in cough efficacy in neuromuscular
disorders [30, 31].

Although MS patients were severely disabled, they rar-
ely reported dyspnoea [1, 4]. This might be due to seve-

rely restricted motor activity, overwhelming symptoms of
fatigue or a lack of exertion-induced dyspnoea. Cognitive
impairment, which is common in more advanced stages of
MS, may also contribute to the low rate of reported symp-
toms.

Pulmonary function

Most studies observed only slightly abnormal pulmo-
nary function tests in patients with mild MS [1, 3, 4]. Pul-
monary function (vital capacity (VC), forced expiratory
volume in one second (FEV1)) was essentially normal in
ambulatory patients (Kurtze Expanded Disability Status
Scale (EDSS) <7) [1±4, 32], but was reduced in wheel-
chair-bound and particularly in bedridden patients (fig. 1).
Forced vital capacity (FVC) and maximal voluntary ven-
tilation (MVV) were found to correlate best with the level
of disability as assessed with the EDSS scores [1, 4]. The
Tiffenau index (FEV1/VC) was unaffected by disability
level, indicating a restrictive pattern of pulmonary dys-
function [1, 3, 4]. Total lung capacity (TLC) and residual

Table 2. ± Index of pulmonary dysfunction in multiple scl-
erosis

Clinical signs Score

Patient rating
1. History of difficulty handling No 1
mucus/secretion Yes 2
2. Cough Normal 1

Weak 2
Examiner rating
3. Strength of patient's cough when Normal 1
asked to cough voluntary as Weak 2
forcefully as possible Very weak/ 3

inaudible
4. Value reached when patient counts >30 1
aloud on a single exhalation after 20±29 2
maximum inspiratory effort 10±19 3

<9 4
Summed score

Adapted from [3] with permission.

Table 1. ± Patterns of respiratory involvement in multiple
sclerosis

Type of respiratory involvement Number of patients
(n=19)

Respiratory muscle weakness 14
Bulbar dysfunction 9
Obstructive sleep apnoea 1
Abnormalities of respiratory control 6
Paroxysmal hyperventilation 3

Data from [18, 19].
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Fig. 1. ± Pulmonary function tests categorized by level of disability. u:
vital capacity; h: residual volume; r: total lung capacity; p: ratio of
forced expiratory volume in one second to forced vital capacity (FEV1/
FVC). (Reproduced from [3] with permission.)
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volume (RV) were almost normal and independent from
EDSS [2±4]. It should be noted that the data on static lung
volumes might be influenced by the fact that severely
disabled patients were unable to perform measurements
in the body plethysmograph. RV based on helium dilution
measurement were significantly elevated only in bed-
ridden patients [3]. BUYSE et al. [4] found no significant
correlation between pulmonary function and duration of
disease.

Respiratory muscle involvement

Respiratory muscle weakness was observed in a num-
ber of studies [1±4, 32, 33]. Expiratory muscles presented
more severe weakness than inspiratory muscles in most
studies [1, 3, 4, 32, 33], whereas others found inspiratory
and expiratory muscles to be equally affected [2]. Contrary
to pulmonary function tests, respiratory muscle function
was also reduced in patients with mild disease. However,
respiratory muscle dysfunction seemed to be the principal
cause of restriction of pulmonary function. The positive
correlation between both maximal expiratory and inspira-
tory muscle strength, (i.e. maximal inspiratory and expira-
tory pressures, PI,max and PE,max, respectively) and VC
supports this hypothesis [3]. Although the performance of
the VC manoeuvre requires the contribution of both ins-
piratory and expiratory muscles, only more severe muscle
weakness is associated with a proportional lung volume
loss [34].

Respiratory muscle function and disability severity were
studied by SMELTZER and coworkers [1, 3] in MS patients
with various levels of disability. Maximal inspiratory
muscle strength and MVV (a measure of respiratory end-
urance) were virtually normal in ambulatory patients, but
significantly reduced in wheelchair-bound and bedridden
patients (fig. 2). However, maximal expiratory muscle stre-
ngth was reduced in all patients. These studies demon-
strated that ambulatory MS patients were unlikely to have
significant respiratory muscle dysfunction, whereas wheel-
chair-bound patients, especially those with upper ex-
tremity weakness [3], often had severely compromised

respiratory muscle function. Maximal expiratory muscle
strength was found to correlate best with the level of
disability as assessed with the Kurtze EDSS scores. In
addition, expiratory muscle weakness was significantly
related to the Pulmonary Index [3] and to reduced ex-
ercise capacity [2].

Although demyelination is the most important cause of
muscle weakness, other factors may also contribute to
muscle weakness. Inactivity and subsequent decondition-
ing cause oxidative capacity to be impaired in skeletal
muscles in MS [35±37]. In addition, corticosteroids have
been shown to induce alterations in skeletal muscles in
patients with obstructive lung disease [38]. During relaps-
es, corticosteroids are prescribed in MS [39] and could
induce skeletal muscle changes in these patients as well.
Cytokines may also affect muscle function. A release of
tumour necrosis factor (TNF)-a and interferon (IFN-c) in
whole-blood samples during exacerbations in MS was
shown [40]. In animal experiments, TNF-a induced dia-
phragm dysfunction [41]. Elevated levels of TNF-a were
especially present in cerebrospinal fluid (CSF) and corre-
lated well with disability and the rate of neurological det-
erioration [42]. A recent study also observed a significant
correlation between TNF-a messenger ribonucleic acid
(mRNA) in blood mononuclear cells and disease activity
[43]. In patients with polymyositis, the presence of atro-
phic fibres was more frequent in TNF-a-positive muscles
[44]. Further research is needed to investigate the relative
contribution of these factors to muscle weakness in MS.

Respiratory muscle assessment

Respiratory muscle weakness, especially expiratory mus-
cle weakness, is common in MS and occurs in patients who
are ambulatory as well as those who are confined to a
wheelchair or bed. Identification of expiratory muscle
weakness enables the clinician to identify patients with
inadequate cough and who are at risk for upper or lower
respiratory tract infections. Expiratory muscle weakness is
invariably present in patients who describe difficulty in
coughing or in removing airway secretions or in those with
upper arm weakness observed on physical examination.
These patients may perform normally on standard tests of
either lung volume or maximal expiratory flow rate. Pul-
monary function testing, although routinely performed, is a
relatively insensitive indicator of respiratory muscle weak-
ness. As mentioned earlier, only more severe muscle weak-
ness is associated with a proportional lung volume loss
[34]. Recent studies have suggested that the analysis of
both the inspiratory and expiratory limbs of a flow±volume
curve provides a specific, but not a sensitive, prediction of
respiratory muscle weakness in patients with neuromus-
cular disease [45±47].

Another tool for the clinical assessment of respiratory
muscle function is the aforementioned Pulmonary Index
[3]. The best single predictor of expiratory muscle weak-
ness was the Pulmonary Index score. Stepwise multiple
regression indicated that the combination of the Pulmonary
Index score, upper extremity weakness, and MVV accoun-
ted for 60% of the variance in maximal expiratory muscle
strength. SMELTZER et al. [3] concluded that clinical ass-
essment is a better predictor of respiratory muscle weak-
ness than spirometry.
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Fig. 2. ± Respiratory muscle function tests categorized by level of dis-
ability. p: maximal voluntary ventilation; r: maximal inspiratory
muscle strength; u: maximal expiratory muscle strength. (Reproduced
from [3] with permission.)
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Systematic clinical assessment supplemented with res-
piratory muscle assessment and MVV can uncover subtle
respiratory muscle weakness in patients with MS. BUYSE et
al. [4] reported reliable data on maximal inspiratory and
expiratory muscle strength in their patients. In patients with
more severe illness, maximal mouth pressure measurement
might be affected by lack of cooperation or motivation. In
patients with amyotrophic lateral sclerosis the use of vol-
itional tests was questioned as maximal inspiratory and
expiratory muscle strength were found to be lower than
gastric pressure during coughing or twitch stimulation
[30]. The use of nonvolitional tests might be interesting,
but also has its limitations (patient discomfort, position
induced variability, no reference values). In addition, non-
volitional tests might overestimate expiratory muscle stren-
gth. As muscle weakness may be due to damage of the
neurological pathway from the brainstem to the muscle,
electrical stimulation of the nerve root or the muscle dir-
ectly might overestimate the pressure development during
voluntary manoeuvres which probably resemble the clin-
ical situation more. Effective expiratory pressure genera-
tion and coughing are also dependent on the co-ordination
(and spasticity) of various muscle groups.

Respiratory control

The previous paragraph suggested that some of the
weakness may result from local changes in the muscle
(disuse atrophy). The most important cause of muscle
weakness is sclerosis and brain lesions, which may also
affect breathing control. TANTUCCI et al. [33] performed a
study on the control of breathing and respiratory muscle
strength in patients with MS. In 11 stable patients with
moderate-to-severe MS, ongoing for 11�7 yrs, in stable
condition, and in 10 control subjects matched for age and
sex, they investigated lung function and respiratory muscle
strength. Ventilatory control was evaluated in terms of neu-
romuscular mouth occlusion pressure 0.1 s after the onset
of inspiratory effort (P0.1) and ventilatory output (V 'E),
breathing room air and during CO2-rebreathing. At rest,
V 'E was similar to that of control subjects, while baseline
ventilatory drive (i.e. P0.1) was significantly higher in
patients. During CO2-rebreathing, the P0.1/end-tidal car-
bon dioxide tension (PET,CO2) slope, although less steep,
was not dissimilar in patients. By way of contrast, the V 'E/
PET,CO2 slope was much lower in the patient group and
was significantly related to the functional stage of the
disease and to the maximal inspiratory and expiratory mus-
cle strength. These results suggest that in patients with
clinically stable, moderate-to-severe MS, inspiratory drive
at rest is increased and the drive response to CO2 appears
normal, while the ventilatory response to CO2 is sig-
nificantly impaired. However, it has to be taken into ac-
count that altered chest wall mechanics might profoundly
interfere with the P0.1 measurement. This might alter the
conclusion that respiratory muscle weakness could ex-
plain, at least in part, the lower ventilatory response in
these patients.

Respiratory muscle training

As deconditioning was shown to contribute to muscle
weakness, reversal by training was suggested as a treat-

ment modality [35]. Only two reports in the literature have
examined the effect of respiratory muscle training in MS
patients with stable disease and respiratory muscle weak-
ness. OLGIATI et al. [48] assessed, in an uncontrolled study,
the effects of inspiratory and/or expiratory muscle training
(RMT) on VC, maximal inspiratory, and expiratory muscle
strength, and MVV. Eight patients (mean age 53 yrs) with
stable disease and respiratory muscle weakness (maximal
inspiratory muscle strength 64% predicted, maximal expir-
atory muscle strength 41% pred) underwent a 4-week
RMT programme using inspiratory and/or expiratory res-
istive loads. Results showed significant improvements in
maximal inspiratory (31%), and expiratory muscle strength
(31%), and MVV (21%). As expected in patients with only
moderate muscle weakness, VC remained unchanged [34].
As the study was uncontrolled, improved respiratory mus-
cle strength and ventilatory capacity could also be attri-
buted to learning effects. SMELTZER et al. [49] compared the
effects of expiratory muscle training and sham training on
respiratory muscle strength in 20 MS patients (EDSS ran-
ging 6.5±9.5) with moderate to severe muscle weakness
(maximal expiratory muscle strength 13±60% pred). Pat-
ients were randomly assigned to either expiratory muscle
training (load intensity unknown) or sham training (the
same device without an expiratory training load). Training
and measurement of respiratory muscle strength were
conducted at home. Ten subjects completed 3 months of
expiratory training while only five subjects completed the
3 months of sham training. Respiratory muscle strength
was assessed at baseline and after 1, 2, and 3 months of
training. Maximal expiratory muscle strength was signifi-
cantly increased (19�10%) in the expiratory training group
compared to the control group. No significant change in
maximal inspiratory muscle strength was observed. The
results of this pilot study suggest that the strength of
the expiratory muscles of MS patients may be increased
through respiratory muscle training that is targeted at the
expiratory muscles. Further research is indicated to deter-
mine which respiratory muscles have to be trained (in-
spiratory, expiratory, or both) and if increasing the strength
of the respiratory muscles in MS has an effect on clinical
outcomes, such as pulmonary complications and cough ef-
ficacy.

Conclusions

Pulmonary complications are commonly a source of
morbidity and mortality in patients with advanced MS.
Bulbar dysfunction and respiratory muscle weakness con-
tribute to these complications. Lung function measure-
ments usually do not allow the prediction of the occurrence
and, in particular, the degree of respiratory muscle weak-
ness. Despite this notion, measurement of the maximal
inspiratory and expiratory pressures has not yet become an
integrated part of the clinical examination of patients with
MS. The value of nonvolitional tests has yet not been sub-
stantiated.

The use of an index of pulmonary dysfunction may be
useful in identifying asymptomatic patients with MS with
pulmonary dysfunction and therefore, at risk for pulmon-
ary complications. There is a correlation between pulmon-
ary dysfunction and the stage of neurological disability, but
no correlation is seen between pulmonary dysfunction and
the duration of disease. Several studies have demonstrated
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that ambulatory MS patients were unlikely to have signi-
ficant pulmonary dysfunction, whereas wheelchair-bound
patients, especially those with upper extremity weakness,
often have severely compromised respiratory function.

Since inspiratory and expiratory muscle weakness is
present and in part related to inactivity, training of respir-
atory muscles could be effective to improve respiratory
muscle function. Whether respiratory muscle training en-
hances ventilatory pump capacity, delays the development
of respiratory dysfunction, and subsequently can improve
exercise capacity and cough efficacy, prevents pulmonary
complications or prolongs survival in the long-term rem-
ains to be determined. The instability of the clinical picture
often seen in patients with multiple sclerosis, may render
proper evaluation of the effect of respiratory muscle train-
ing difficult.
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