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ABSTRACT: This study aimed to determine the relationship between pulmonary
function, respiratory muscle function and neurological function in multiple scle-
rosis (MS).

Sixty patients (27 males and 33 females) aged 27–75 yrs (mean±SD 48±12 yrs)
were prospectively studied.

The Kurtzke Expanded Disability Status Scale (EDSS; range 0–10) score was
6.5±1.5; and the different Functional Systems Scores (FSS; ranges 0–5 and 0–6)
were: pyramidal 3.4±1.1; brain stem 1.9±1.2; mental 1.3±0.9; cerebellar 2.2±1.0;
sphincter 1.8±1.5; visual 1.4±1.4; and sensory 2.0±1.5. Results of lung function tests
were: vital capacity (VC) 80±23% of predicted; single-breath transfer factor of
the lung for carbon monoxide (TL,CO,sb) 83±17% pred; maximal static expiratory
mouth pressure (MEP) 30±16% pred; and maximal static inspiratory mouth pres-
sure (MIP) 47±23% pred, indicating a marked respiratory muscle dysfunction,
with a minor restrictive defect. In 70% of the patients, a transcutaneous oxygen
saturation (Stc,O2) of less than 92% at night was found. Comparison of lung func-
tion and disability scores showed that the abnormalities in both tended to be cor-
related to each other, and that this was significant for EDSS versus lung volumes,
for most FSS with VC, and also for some FSS with MEP and/or MIP. Duration
of disease was significantly correlated with the EDSS, but not with the different
FSS scores (with the exception of mental status) and not with lung function.

Multiple sclerosis leads to lung function abnormalities attributable to respira-
tory pump dysfunction.
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Respiratory complaints are common in the terminal
stage of multiple sclerosis (MS), and death is often due
to bulbar weakness leading to aspiration and pneumonia.
Respiratory involvement occurring earlier in the course
of the disease is mostly due to reversible neuromuscu-
lar failure [1–10].

However, few data are available concerning the rela-
tionship between the severity of MS and the lung func-
tion abnormalities. The aim of the present study was,
therefore, to examine in a more systematic prospective
way the pulmonary function, including respiratory mus-
cle and neurological function, in 60 MS patients.

Subjects and methods

Subjects

Sixty consecutive hospitalized patients from a MS neu-
rological and rehabilitation centre, meeting the criteria
of POSER et al. [11] for the diagnosis of definite MS,
were included. There were 27 males and 33 females, aged
27–75 yrs (mean±SD 48±12 yrs), with body mass index
(BMI) (mean±SD) of 24±5 kg·m-2 (range 15–37 kg·m-2).

Fourteen patients were underweight (BMI <24 kg·m-2)
and five obese (BMI >30 kg·m-2). Seven patients had a
medical problem or history probably not related to MS:
hypothyroidism (1); systemic hypertension (2); chronic
bronchitis (2); and chronic obstructive pulmonary dis-
ease (COPD) (2). Polymedication was present in sev-
eral patients: 25 patients used a benzodiazepine and/or
an antidepressant or a neuroleptic and/or a morphine
preparation.

Clinical assessments

Patients were interviewed by one of the research
team (JM), with special emphasis on history of respi-
ratory illness, tobacco use, and pulmonary symptoms.
A chest radiograph could be performed in 40 patients
(some refused it).

The Kurtzke Expanded Disability Status Scale (EDSS)
and Functional Systems Score (FSS) [12] were used to
describe levels of neurological functioning. The EDSS
provides an overall score ranging from zero (indicating
normal neurological findings) to 10 (indicating death
from MS). The FSS yields specific information on the



grade of involvement of the following neurological func-
tions: pyramidal, sensory, cerebellar, brain stem, sphin-
cter, visual and mental; these impairments are expressed
with a score ranging 0–5 or 0–6. The scores were assigned
by the neurologist (PV) without knowledge of the re-
sults of the subject's pulmonary function tests.

Pulmonary function tests 

Pulmonary function tests included: static and dynamic
spirometry (vital capacity (VC), forced expiratory vol-
ume in one second (FEV1), total lung capacity (TLC),
residual volume (RV)); flow rates (peak expiratory flow
(PEF), maximal expiratory flow when 50 and 75% of
the VC has been exhaled (MEF50, MEF25)); plethys-
mographic volumes (TLC, thoracic gas volume (TGV),
RV); single-breath lungs for carbon monoxide (TL,CO,sb);
and airway resistance (Raw) and specific airway con-
ductance (sGaw). Maximal static expiratory and inspi-
ratory mouth pressures (MEP and MIP) were measured
according to techniques described previously [13–15].
Each patient performed at least three trials and the best
performance was used for analysis. The measurements
were carried out according to the criteria of the Ameri-
can Thoracic Society (ATS) and European Respiratory
Society (ERS) [16–18]. The prediction equations of the
ERS, which are representative for the European Com-
munity for Steel and Coal [17, 18], were used for lung
volumes and TL,CO,sb. For Raw, 0.22 kPa·L-1·s was used
as the reference value [17, 18]. The MEP and MIP were
expressed as percentages of the predicted values of
ROCHESTER and ARORA [19], which were very similar to
the normal values obtained in our laboratory [13, 14].
All studies were performed in a sitting position in a Med-
graphics System 1085/D Body Plethysmograph (Medi-
cal Graphics Corporation, St. Paul, MN, USA).

Nocturnal transcutaneous oxygen saturation (Stc,O2)
was measured in 27 patients, using a pulse oximeter
(Palco model 400; Palco Labs, Santa Cruz, USA). The
patients were monitored through-out the whole night.

Statistical analysis

Mean±SD was calculated. Student's t-tests were app-
lied for unpaired samples. Differences were considered
significant at a p-value of less than 0.05.

Results

Medical history and pulmonary function

Among the 52 patients of whom the smoking history
was known, 17 were lifetime nonsmokers, 15 ex-smok-
ers, and 20 current smokers. Eight patients did not answer
the questionnaire about smoking habits. In 11 (of 58)
patients, pulmonary symptoms were reported, such as
cough and sputum, wheezing or shortness of breath. In
the 40 patients in whom a chest radiograph was taken,
no significant abnormalities were noted. Only two patients
had known chronic obstructive lung disease and used
bronchodilatators. Two other patients used mucolytics
for chronic bronchitis.

The results (mean±SD) of the different pulmonary func-
tion tests are presented in table 1. Several pulmonary

tests could not be performed in some patients because
of neuromuscular problems, although all patients tried
to participate. The mean values of VC were at the lower
limit of normality and mean RV was at the upper limit.
The mean values for FEV1, PEF, MEF50 and MEF25
were slightly reduced. Among the whole group of 60 pa-
tients, 11 patients presented an obstructive pattern, 13
a restrictive pattern, and 8 a mixed (obstructive and res-
trictive) pattern based on the VC, FEV1 and FEV1/VC
values. Eleven of the 19 patients with an obstructive dys-
function were current or ex-smokers. Mean TLC (mea-
surement only possible in 35 patients) was normal; it
was increased in five patients (two with an obstructive
spirometric defect and three with normal spirometric
values), and was decreased in six patients (four with a
restrictive or mixed spirometric defect, one with an ob-
structive spirometric defect, and one with normal spiro-
metric values). The mean value for TL,CO,sb was at the
lower limit of normality. The TL,CO,sb was decreased
in 18 out of 53 patients, and in six of them haemoglo-
bin was decreased (<12.5 g·dL-1 for females and <13
g·dL-1 for men).

The mean value of MEP, and also to a lesser degree
the mean value of MIP, were markedly reduced, thus
showing clearcut respiratory muscle dysfunction. In
fact, MEP was abnormal in 57 out of 58 patients and
MIP in 49. The MEP values were significantly lower
(p<0.002) in the group with a restrictive pulmonary
function defect (VC <80% pred) or mixed pulmonary
function defect (VC <80% pred; FEV1/VC <65%), than
in those with normal lung volumes (table 2). Furthermore,
MIP values were significantly lower (p<0.05) in the
patients with a restrictive function in comparison with
the others.

In 27 unselected patients, nocturnal Stc,O2 was mea-
sured. The alarm setting was installed at 92%, and in
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Table 1.  –  Pulmonary function tests

Pts
n      Absolute value   % pred

VC  L  60 3.0±1.4 80±23
TLC  L 35 5.6±1.5 100±18
RV  L 35 2.1±1.0 115±51
RV/TLC  % 35 38±14 113±38
TGV  L 35 3.2±1.1 107±30
FEV1 L 60 2.3±0.9 76±25
FEV1/VC % 60 75±14 93±18
PEF  L 60 4.6±1.7 62±22
MEF50 L 60 2.8±1.3 66±27
MEF25 L 60 1.3±0.9 69±40
Raw kPa·L-1·s 35 0.27±0.14 121±68
sGaw kPa-1·s-1 35 1.4±0.5 142±58
TL,CO,sb mmol·min-1·kPa-1 53 7.5±2.0 83±17
MEP  cmH2O 58 48±29 30±16
MIP  cmH2O 58 47±28 47±23

Values are presented as mean±SD. Pts: patients; % pred: per-
centage of predicted value; VC: vital capacity; TLC: total lung
capacity; RV: residual volume; TGV: thoracic gas volume;
FEV1: forced expiratory volume in one second; PEF: peak
expiratory flow; MEF50 and MEF25: maximal expiratory flow
when 50 and 75% of the VC has been exhaled; Raw: airways
resistance; sGaw: specific airways conductance; TL,CO,sb: single-
breath transfer factor of the lungs for carbon monoxide; MEP
and MIP: maximum static expiratory and inspiratory mouth
pressure.



19 of these patients (70%) a Stc,O2 of 92% or less was
found. The number of desaturations (Stc,O2 <92%) per
night varied widely between the different patients (36±
35 (range 1–110) episodes per night), and the duration
of desaturation was 71±87 (range 2–263 min). During
these desaturation episodes, the mean Stc,O2 was 88±4%
(range 75–92%). As shown in table 3, pulmonary func-
tion generally tended to be worse in desaturators (<92%
at night) than in nondesaturators (with the exception of
FEV1, TLC and TL,CO,sb), and the difference was sig-
nificant for TGV, Raw and sGaw. Based on the VC,
FEV1 and FEV1/VC values, 10 of the 19 desaturators had
an abnormal spirometry (four had a restrictive defect,
five a mixed defect, and one an obstructive disorder).

Neurological disability and relationship with pulmo-
nary function

The overall Kurtzke EDSS score (from 0–10) ranged
from 2.5 (minimal disability) to 8.5 (patient restricted to
bed much of the day; has some effective use of arm(s);
retains some self-care functions). The mean level of dis-
ability was 6.5±1.5 (which reflects a need for continu-
ous bilateral assistance with canes, crutches or braces
in order to walk about 20 min without resting). Func-
tional Systems Scores (FSS) were calculated for differ-
ent subfunctions. The mean FSS was: 3.4±1.1 (on 0–6
scale) for pyramidal function; 1.9±1.2 (on 0–5) for brain
stem function; 1.3±0.9 (on 0–5) for mental function;
2.2±1.0 (on 0–5) for cerebellar function; 1.8±1.5 (on
0–6) for sphincter function; 1.4±1.4 (on 0–6) for visual
function; and 2.0±1.5 (on 0–6) for sensory function.

The patients were grouped according to two levels of
EDSS disability: EDSS <7 (i.e. being ambulatory, some
of them with assistance, but not wheelchair bound); and
EDSS ≥7 (i.e. being wheelchair bound or having an
even worse neurological function) (table 4). All pul-
monary function indices tended to be better in the less
disabled patients, with a statistically significant dif-
ference for VC, FEV1, PEF and MEF50. In fact, all
mean pulmonary function indices were normal in the
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Table 2.  –  Maximal respiratory pressures in multiple
sclerosis (MS) patients with normal lung volumes, in com-
parison with MS patients with a restrictive disturbance

Normal lung    Restrictive (or 
volumes      mixed) function
(n=28)            (n=21)          p-value

MEP % pred 37±17 22±14 <0.002
MIP % pred 54±23 38±14 <0.05

MEP and MIP: maximal static expiratory and inspiratory mouth
pressure, respectively; % pred: percentage of predicted value.

Table 3.  –  Pulmonary function tests in desaturators and nondesaturators (alarm limit at 92%)

Desaturators                             Nondesaturators
n               mean±SD n              mean±SD p-value

VC  % pred 19 77±26 8 91±21 NS

FEV1 % pred 19 77±27 8 75±30 NS

FEV1/VC  % pred 19 98±17 8 92±12 NS

TLC  % pred 12 96±19 6 97±13 NS

RV  % pred 12 121±54 6 86±53 NS

RV/TLC  % pred 12 124±50 6 91±37 NS

TGV  % pred 12 144±30 6 96±29 <0.05
Raw % pred 12 137±57 6 86±36 <0.05
sGaw % pred 12 105±56 6 194±56 <0.01
TL,CO,sb % pred 17 82±15 8 76±15 NS

MEP  % pred 19 27±17 8 35±22 NS

MIP  % pred 19 47±26 8 52±23 NS

NS: not significant. For further definitions see legend to table 1.

Table 4.  –  Disability score and pulmonary function

EDSS ≥7                                  EDSS <7
Mean±SD n                    Mean±SD n                 p-value

VC  % pred 72±24 26 95±12 18 <0.001
TLC  % pred 96±20 10 108±17 16 NS

RV  % pred 101±43 10 130±56 16 NS

RV/TLC  % pred 121±48 10 108±36 16 NS

TGV  % pred 100±29 10 117±35 16 NS

FEV1 % pred 70±23 26 91±18 18 <0.002
FEV1/VC  % pred 91±17 26 95±17 18 NS

PEF  % pred 55±21 26 93±18 18 <0.001
MEF50 % pred 56±26 26 76±28 18 <0.05
MEF25 % pred 67±42 26 72±38 18 NS

Raw % pred 124±49 9 111±66 16 NS

sGaw % pred 140±56 9 138±62 16 NS

TL,CO % pred 80±18 9 92±11 15 NS

MEP  % pred 26±16 25 34±13 18 NS

MIP  % pred 36±23 25 50±18 18 NS

EDSS: Expanded Disability Status Scale; NS: not significant (p>0.05). For further definitions see legend to
table 1.
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Table 6.  –  Duration of disease, pulmonary function and neurological disability scores

Duration of disease
≥18 yrs                               <18 yrs

Mean±SD n               Mean±SD n               p-value

VC  % pred 75±26 22 85±19 27 NS

FEV1 % pred 75±24 22 80±21 27 NS

TL,CO % pred 81±15  18 87±17 29 NS

MEP  % pred 36±27 22 44±27 19 NS

MIP  % pred 34±16 22 27±12 19 NS

EDSS score 7.1±1.6 19 6.0±1.9 23 <0.05
FSS score

Pyramidal 3.7±1.2 19 3.3±1.1 29 NS

Brain stem 1.9±0.9 19 1.9±1.2 29 NS

Mental 1.6±0.6 19 1.1±1.0 29 <0.001
Cerebellar 2.2±0.9 18 2.3±1.2 28 NS

Sphincter 2.2±1.6 19 1.6±1.4 29 NS

Sensory 1.9±1.3 19 2.0±1.6 29 NS

NS: nonsignificant; EDSS: Expanded Disability Status Scale; FSS: Functional Systems Score. For
further definitions see legend to table 1.

Table 5.  –  Neurological subsystem scores and pulmonary function tests

Pulmonary function  % pred

Mean±SD n                   Mean±SD n                   p-value

Pyramidal <4  Pyramidal ≥4
VC 84±21 21 79±23 30 NS

FEV1 74±15 21 82±24 30 NS

MEP 36±14 20 24±15 30 <0.01
MIP 53±23 20 39±28 30 <0.05

Brain stem <3                            Brain stem ≥3
VC 87±20 34 69±22 16 <0.01
FEV1 81±21 34 71±26 16 NS

MEP 34±15 34 19±12 16 <0.01
MIP 47±23 34 37±24 16 NS

Mental <2                                 Mental ≥2
VC 89±19 31 69±22 20 <0.002
FEV1 85±22 31 68±21 20 <0.01
MEP 32±16 31 24±13 19 NS

MIP 51±25 31 31±14 19 <0.001
Cerebellar <3                            Cerebellar ≥3

VC 88±16 32 71±27 17 <0.05
FEV1 84±19 32 71±25 17 NS

MEP 32±16 32 24±15 16 NS

MIP 46±21 32 41±27 16 NS

Sphincter <3                             Sphincter ≥3
VC 85±21 38 69±24 13 <0.05
FEV1 82±21 38 68±23 13 NS

MEP 31±15 38 23±17 12 NS

MIP 45±24 38 41±21 12 NS

Sensory <2                                Sensory ≥2
VC 83±20 23 79±25 28 NS

FEV1 79±22 23 74±26 28 NS

MEP 32±17 22 24±12 27 NS

MIP 50±30 22 43±18 27 NS

Visual <2                                  Visual ≥2
VC 89±20 25 73±22 17 <0.05
FEV1 86±22 25 70±21 17 <0.05
MEP 35±16 25 21±12 17 <0.005
MIP 52±24 25 36±20 17 <0.05

NS: not significant (p>0.05). For further definitions see legend to table 1.

less disabled group, with the exception of decreased MEP
and MIP and a borderline increased RV.

The patients were also grouped according to two lev-
els of disability based on the different neurological
FSS: pyramidal (<4 or ≥4); brain stem (<3 or ≥3); men-

tal (<2 or ≥2); cerebellar (<3 or ≥3); sphincter (<3 or
≥3); visual (<2 or ≥2); and sensory (<2 or ≥2) (table 5).
In each functional system, a better pulmonary function
was also noted in relation to the neurologically better
score and several differences were significant.



Duration of disease and relationship with pulmonary
and neurological dysfunction

The average duration of MS from the time of diag-
nosis was 18±12 (range 2–56) yrs. The patients were
grouped according to two levels of disease duration:
<18 and ≥18 yrs (table 6). Although lung volume (VC,
FEV1), TL,CO,sb, MEP and MIP tended to be higher in
those with a shorter disease duration, the different was
not significant. The EDSS score was positively corre-
lated with disease duration. However, no significant dif-
ference was noted for the different functional systems
of the FSS score, with the exception of mental status
(which was worse in those with a longer duration of
MS).

When the patients were subdivided into three groups
with different disease duration (i.e. ≤10, 11–<25 yrs,
≥25 yrs) no significant differences were found in lung
function indices between these groups.

Discussion

The aim of this study was to compare lung function
and neurological disability status (EDSS, FSS) in mul-
tiple sclerosis (MS), and to relate these conditions to
duration of disease. In general, the patients studied had
moderately severe MS (EDSS 6.5±1.5; mean FSS 1.3–
3.4). Lung function was found to be only slightly abnor-
mal, but MEP and MIP were markedly disturbed, and
clearcut nocturnal O2 desaturation was detected. No sig-
nificant correlation was found between lung function
and duration of disease, which confirms the almost un-
predictable course of the disease, with variable respira-
tory and muscular involvement.

Before discussing these results in detail, it should be
remembered that performing a pulmonary function test
can be quite labourious and stressful for MS patients.
In general, patients with MS show a poor activity tol-
erance and often complain of fatigue [20, 21]. The MS
patients in the present study mentioned this "fatigue
symptom" quite often during pulmonary testing. In 25
of them (40%), even a plethysmographic measurement
of Raw, TGV, TLC and RV was not possible, mainly
because closure of the shutter was not tolerated, or sit-
ting in the plethysmograph was impossible for orthopae-
dic reasons.

This study emphasizes, in particular, the prevalence of
respiratory muscle dysfunction in MS patients (abnor-
mal MEP in 98%). Despite this marked respiratory mus-
cle dysfunction, the MS patients rarely complained of
pulmonary symptoms, such as cough or shortness of
breath. The same remark has already been made in a
study by SMELTZER et al. [22]. They suggested that the
fatigability is so pronounced in MS that fatigue rather
than dyspnoea appears to be the limiting factor. In addi-
tion, impaired innervation of the upper airway may
result in a diminished awareness of coughing.

The MEP and MIP might underestimate respiratory
muscle force due to problems of co-operation. On the
one hand, FIZ et al. [23] stated that although three trials
are sufficient for normal subjects to achieve adequate
MEP and MIP measurements, as many as nine trials may

be required in patients with respiratory diseases. On the
other hand, too many recurrent trials may provoke fatigue.
From our previous experiences in healthy subjects [14],
patients with COPD [13], and patients with neuromus-
cular disease [15], we are confident that the present data
for MEP and MIP are reliable. Thus, our data demon-
strate true dysfunction of the respiratory muscles, which
may be due to pathology in the corticospinal cord or to
pathology in the brain stem, with interruption of the
motor pathway to respiratory nerves (see below).

Expiratory muscle dysfunction, in particular, was  com-
mon in this study group; whereas, the mean spirome-
tric values were normal or only slightly lowered. MEP
and MIP were often even reduced in patients with nor-
mal lung volumes. Other authors [21, 22, 24, 25] have
also noted that occult respiratory muscle dysfunction is
frequent in MS patients free from pulmonary symptoms
or disease, as found in other neuromuscular diseases
[15]. Indeed, even severe muscle dysfunction may be
accompanied by little or no lung volume loss [15, 26,
27]. The relationship between VC (% pred) and MEP
or MIP (% pred) is known to be parabolic [28]. The
decrease in VC is only small, as long as the MIP re-
mains above 40% predicted.

The values of MIP and MEP found in the present
study appeared to be lower than those in the study by
SMELTZER and co-workers [22, 24], but similar to those
found by FOGLIO et al. [25]. In the present study, the
expiratory muscle weakness appeared to be more pro-
nounced than that of the inspiratory muscles. SMELTZER

and co-workers [22, 24] made the same observation, and
explained that paralysis in advanced MS tends to ascend
slowly from lower extremities to upper extremities. As
a result, the first respiratory muscles to be affected are
the abdominal muscles followed by the intercostal mus-
cles. The diaphragm, which is innervated by the phrenic
nerve may be expected to be the last to be affected.

In those patients with a restrictive (or mixed) disor-
der, we found significantly lower MIP and MEP values
than in those with a normal pulmonary function. Thus,
respiratory muscle dysfunction seemed to be the prin-
cipal cause of restriction. The significant positive corre-
lation between both MEP-MIP and VC-FEV1 supports
this hypothesis.

Although, at entry, only two patients used broncho-
dilators, and although for the group as a whole the mean
values for FEV1/VC and Raw were normal, there was
evidence of an obstructive dysfunction in 19 patients
(31%). Smoking could be one explanation for this rather
high incidence of obstructive dysfunction, in that 5 of
these 19 patients were current or ex-smokers. Deficient
airway clearing (secondary to MS and muscle weak-
ness) could be another explanation.

A substantial number of nocturnal desaturators were
also detected: 19 of the 27 patients tested (i.e. 70% des-
aturated below 92%). No significant differences were
found in the results of pulmonary function tests (FEV1,
VC, TLC, TL,CO, MEP, MIP) between desaturators and
nondesaturators. Nine of the 19 desaturators (47%) even
had a normal spirometry. Thus, the question arises why
they desaturate during sleep. In the literature, several
authors have noted a correlation between narcolepsy and
MS (both narcolepsy and MS have been associated with
the histocompatibility antigen human leucocyte antigen
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(HLA)-DR2) [26, 27, 29–31]. In general, patients do
not desaturate due to narcolepsy. In the present study,
25 patients used sedative drugs, which might interfere
with nocturnal ventilation. 

Casuistic reports have demonstrated abnormalities of
respiratory control in MS patients (paralysis of volun-
tary respiration, paralysis of automatic respiration, apno-
eustic breathing), although these problems are generally
observed only during acute exacerbations [3, 5, 6, 8–10,
32]. Obstructive sleep apnoea has also been observed
[5, 32]. Bulbar dysfunction may predispose the patients
to aspiration with desaturation, especially at night [32].
Further studies concerning breathing pattern during sleep
and respiratory drive are needed. 

We found a correlation between neurological disabil-
ity and pulmonary dysfunction. In the neurologically
more disabled group (with disability score ≥7), signifi-
cantly worse pulmonary function tests (VC, FEV1, PEF,
MEF50) were found. Although the MEP and MIP were
lower in the more disabled, the difference did not reach
significance. Furthermore, in the study by FOGLIO et al.
[25] no significant relationship was found between MEP
or MIP and EDSS. However, SMELTZER and co-workers
[22] observed that MEP and MIP were significantly rela-
ted to EDSS.  These differences in results can be explained
by the variable nature of MS. A patient can have a high
disability score either due to muscle weakness (and hence
respiratory dysfunction) or to cerebellar dysfunction
(with little or no respiratory muscle weakness). Patho-
logy in the corticospinal cord may produce not only
paralysis of the limbs, but also weakness of the respi-
ratory truncal muscles. It is, therefore, not surprising
that in the present study, MIP and MEP were signifi-
cantly different between those patients with versus those
without a severe pyramidal syndrome. MS lesions in the
brain stem can also interrupt the motor (reticulospinal)
pathway to phrenic, intercostal and accessory respira-
tory muscle nerves. Therefore, it is not unexpected that
MIP and MEP were more disturbed in those with a
severe brain stem disorder than in those without (although
the difference was only statistically significant for MEP).
The higher MIP and MEP in those with less mental dis-
turbance and the higher VC, MIP and MEP in those
with less visual disturbance can be explained by better
collaboration and co-ordination.

No statistically relevant correlation was found bet-
ween duration of disease and the different FSS scores
(with the exception of mental status), nor between dura-
tion of disease and lung function. We believe that this
finding is due to the variable course of MS itself. A lon-
gitudinal follow-up study is planned to test this hypoth-
esis.

In conclusion, respiratory dysfunction is common in
MS patients, even in those patients with normal spiro-
metric values. However, respiratory complaints are quite
rare. There is a correlation between pulmonary dys-
function and the stage of neurological disability. Maxi-
mal static expiratory and inspiratory mouth pressure, in
particular, appear to be correlated with the stage of pyra-
midal and brain stem disease. Desaturation at night is
frequent, but does not appear to be correlated with pul-
monary dysfunction. There is also no correlation between
pulmonary dysfunction and duration of disease, due to
the variable course of the disease.
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