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Abstract
Background- Myasthenia gravis is a spe-
cific autoimmune disease characterised
by weakness and fatigue. Respiratory
muscle weakness has been studied using
the determination of maximal respira-
tory pressures, but the response of res-
piratory centres is not well character-
ised. This study was undertaken to
determine the breathing pattern and the
central ventilatory drive in patients with
mild and moderate generalised myasthe-
nia gravis.
Methods - Twenty four patients with
myasthenia gravis were studied, divided
into two groups. Group 1 included 13
subjects (eight women and five men aged
23-64) with mild generalised myasthenia
gravis, and group 2 was composed of 15
patients (11 women and four men aged
23-69) with moderate generalised
myasthenia gravis. A control group com-
prised 15 healthy persons with a similar
age and sex distribution. Spirometric
measurements and maximal respiratory
pressures were performed under basal
conditions in all subjects, and the rate
and depth of breathing and the inspira-
tory occlusion pressure in the mouth in
the first 0-1 second (PO.,) were measured.
Results - No difference was detected for
parameters ofbreathing pattern between
patients in group 1 and control subjects,
although Po0. was higher in those in group
1. Subjects in group 2 had a lower tidal
ventilation, shorter inspiratory time, and
a higher frequency with a higher P*, than
control subjects.
Conclusions - Mild myasthenia gravis
causes increased neuromuscular drive
with a normal breathing pattern. Moder-
ate myasthenia gravis is characterised by
a more rapid shallow breathing pattern.

(Thorax 1994;49:703-706)

Neuromuscular diseases may result in respira-
tory failure' and, in some cases, is the first
symptom.' 2 For a long time alveolar hypoven-
tilation originating from the progressive fat-
igue of the respiratory muscle was considered
to be the cause of this failure.3 Nevertheless,
the presence of microatelectasis or pneumonia,
and an increase in lung elastance or respiratory
work, may contribute to the deterioration of
breathing.4 Alteration of the ventilatory res-
ponse to hypercapnia has also been suggested,5

although the results of a number of studies
have been contradictory."
Myasthenia gravis is a specific autoimmune

disease provoked by the existence of anti-
acetylcholine receptor antibodies and charac-
terised by skeletal muscle weakness and fat-
igue.9 Respiratory muscle weakness has been
studied using maximal inspiratory and expira-
tory respiratory pressures. "1" Few studies
have evaluated the effect of stable generalised
myasthenia gravis on breathing pattern, and
most have been performed in a small number
of patients.
This study was undertaken to determine the

breathing pattern and the central ventilatory
drive in patients with mild and moderate
generalised myasthenia gravis, and to evaluate
the correlation between these parameters of
ventilatory control and the strength of the
respiratory muscles.

Methods
PATIENTS
Twenty four patients with myasthenia gravis
(15 women and nine men of mean (SD) age 44
(16) years) were included. The diagnosis was
established by a decremental response of the
amplitude of the motor response to repetitive
nerve stimulation and by a positive edropho-
nium test.9 Osserman'2 classified myasthenia
according to its severity (I, ocular myasthenia;
IIa, mild generalised myasthenia; IIb, moder-
ate generalised myasthenia; III, acute severe
myasthenia; and IV, late severe myasthenia).
We selected two groups which included both
mildly and moderately affected subjects.
Group 1 consisted of 13 patients (eight
women, mean (SD) age 48-7 (13 8) years) of
Osserman classification IIa. Group 2 com-
prised 15 patients (11 women, mean (SD) age
40-2 (17-3) years) of Osserman classification
IIb (moderate generalised myasthenia). Both
groups were compared with 15 healthy sub-
jects of similar sex and age (10 women and five
men, mean (SD) age 46-2 (10 3) years). The
patients in group 1 were treated by thymec-
tomy (eight cases), steroids (seven cases), and
anticholinesterase (13 cases). Thymectomy
was performed in all subjects in group 2, but
they also received steroids (eight cases) and
anticholinesterase (15 cases). In both groups
steroid dosages were 20-40 mg prednisone on
alternate days. Two patients in group 1 and
five in group 2 complained of breathlessness.
Informed consent was obtained from all sub-
jects. The physical characteristics and respira-
tory function of the three groups are shown in
table 1.
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Table 1 Physical characteristics and respiratory function in patients with myasthenia gravis and control subjects

Age Men Smoker Height Weight FEV, FVC FEV,/FVC MIP MEP
(y) (%) (%) (cm) (kg) (%) (%) (%) (cm H20) (cm H20)

Group 1 48-7 38-4 25-0 161-6 64-3 91-4 95-3 79-6 61-7 99-8
(13-8) (13-8) (11-4) (18-1) (13-3) (6-8) (25 6) (50-9)

Group 2 40 2 26-6 35-7 161-7 63-8 90-1 92-4 81-9 49-2 62-8
(17-3) (7-3) (11-9) (15-2) (12-2) (5-4) (20-7) (18-8)

Controls 46-2 33-3 33-3 168-7 67-2 101 103-2 84-5 91-0 118-2
(10-3) (12-3) (9-7) (15-0) (10-8) (6-0) (21-0) (24-6)

Group 1
v control NS NS NS NS NS NS NS NS < 0-05 NS
Group 2
v control NS NS NS NS NS NS NS NS < 0-05 < 0-05

FEV, = forced expiratory volume in one second; FVC = forced vital capacity; MIP = maximal inspiratory pressure; MEP= maximal
expiratory pressure.
Values are percentages of patients or mean (SD).

STUDY DESIGN
Investigations were started at the same time in
the morning under basal conditions for all
patients. Spirometric values were obtained
with the subjects seated. The normal values for
lung volumes were those proposed by the
European Community for Coal and Steel.'3
Maximal static inspiratory (MIP) and expir-

atory (MEP) pressures were measured with a

differential pressure transducer (M-163;
Sibelmed). When comfortably seated and
wearing a noseclip, patients performed max-
imal respiratory efforts either at residual
volume or at total lung capacity against an

obstructed mouthpiece with a small leak
(internal diameter 0-7 mm) to minimise oral
pressure artifacts. The manoeuvres were

repeated until three measurements sustained
for at least three seconds with less than 5%
variability were recorded. The highest value
obtained was used for analysis. The reference
values for MIP and MEP were those ofWilson
et al.'4

Ventilatory pattern was evaluated while
breathing room air, measuring tidal volume
(VT), inspiratory time (TI), and total time of
the respiratory cycle (TTOT). Subjects, wear-

ing a noseclip, breathed through a mouthpiece
while seated in a chair with foot and arm
supports. Flow was measured with a pneumo-
tachograph (Jaeger Series 264). Volume was

measured by integration offlow signal. Expira-
tory time (TE), mean inspiratory flow (VT/TI),
duty cycle (TI/TToT), respiratory frequency
(f= 60/TToT), and instantaneous ventilation
(VI = VTX f) were calculated. Measurements
were performed after a 20 minute period of
rest. Values from 10 cycles were averaged for
analysis of the results.'5

Mouth occlusion pressure 0-1 seconds after
the beginning of inspiration (Po.1) was

measured by the method of Whitelaw.'6
Mouth pressure was recorded with a differen-
tial pressure transducer (Model DWD,
Jaeger). At about 15 second intervals the in-
spiratory line was occluded without the sub-
ject's knowledge for less than 0-5 seconds by
means of a pneumatic inflatable balloon (Series
9300; Hans-Rudolph, Kansas City, Missouri,
USA) and the mean of at least five measure-

ments was determined. Effective respiratory
impedance was calculated by dividing Po.1 by
VT/TI. The values for dead space and circuit
resistance were 70 ml and 0-036 cm H20/l/s.
The results were expressed as mean (SD).

Statistical analysis was performed with BMDP
Statistical Software (Release 7, 1993). Statist-
ical comparison of the three groups was treated
with analysis of variance coupled with pairwise
mean comparisons using the Dunnet t test.
The association of the parameters of breathing
pattern with spirometric data and maximal
respiratory pressures was tested using Spear-
man's correlation, with p < 0-05 being con-

sidered significant.'7

Results
The physical characteristics and respiratory
function tests of the three groups are shown in
table 1. No significant differences were found
in age, sex, smoking habit, weight, height,
FEV, (% predicted), FVC (% predicted), and
FEV,/FVC between the control group and
patients in groups 1 and 2. Compared with the
control group MIP was significantly lower in
groups 1 (p < 0-05) and 2 (p < 0-05), but MEP
was only lower in group 2 (p < 0-05).

Table 2 Mean (SD) breathing pattern and Po, in the patients with myasthenia gravis and control subjects
VT TI TTOT f TE VI VT/TI TI/TTOT Po, P,/ VT/TI
(1) (s) (s) (s- ) (s) (I/min) (MIs) (cm H20) (cn H2011/s)

Group 1 0-5 1-4 3-4 18-2 2-0 9-3 0-4 0-4 2-4 6-8
(0-1) (0-3) (0-6) (3-6) (0-5) (1-2) (0-1) (0-1) (0-7) (2-3)

Group 2 0-4 1-1 2-7 23-0 1-6 9-2 0-4 0-4 2-2 6-6
(0-0) (0-2) (0-4) (3-5) (0-4) (1-9) (0-1) (0-1) (0-7) (1-2)

Controls 0-5 1-7 3-6 17-0 1-9 9-5 0-3 0-5 1-5 4-9
(0-1) (0-4) (0-8) (3-2) (0-4) (2-3) (0-1) (0-0) (0-2) (1-1)

Group 1
v control NS NS NS NS NS NS NS NS <0-05 <0-05
Group 2
v control <0-01 <0-01 <0-05 <0-01 NS NS NS NS <0-05 <0-05

VT = tidal volume; TI = inspiratory time; TTOT = total time of respiratory cycle; f= respiratory frequency; TE= expiratory time;
VI = instantaneous ventilation; VT/TI = mean inspiratory flow; Ti/TToT = duty cycle; P0.1 = mouth occlusion pressure 0-1 seconds
after beginning of inspiration; P0../VT/Ti = respiratory impedance.
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The mean characteristics of the breathing
pattern and P0.1 in the patients and control
group are shown in table 2. No difference was

detected for parameters of breathing pattern
between patients in group 1 and control sub-
jects. Po01 and Po.,/VT/TI were significantly
greater in the patients in group 1 (p < 005).
Compared with the control group, patients

in group 2 had significantly lower mean values
of VT (p<0-01), Ti (p<0-01), and higher f
(p<0-01). However, their mean Vi did not
differ from the control group. Mean inspira-
tory flow was similar in the control patients
and those in group 2, whereas the Po0. was

greater in patients in group 2 (p <O005). Both
findings give rise to a greater effective inspirat-
ory impedance (p < 0O05).

Finally, considering all the patients with
myasthenia gravis, no significant correlation
was found between MIP and MEP and Po01,
although a statistically significant correlation
was present (p < 005) between MIP and Po., in
the patients in group 1 (r= 0 68).

Discussion
These findings confirm that the maximal res-

piratory pressures deteriorate as myasthenia
gravis advances without any concomitant fall
in FVC, and are in agreement with those of
others.3111819 The weakness of the respiratory
muscles may be caused by several factors:
defects in neuromuscular transmission, steroid
myopathy or necrosis, atrophy, and accumula-
tion of lymphocytes in muscles of patients with
myasthenia gravis.20 In addition it has been
shown that in the presence of antiactin, anti-
myosin, and antisarcoplasmic reticulum anti-
bodies there is a decrease of calcium uptake by
the sarcoplasmic reticulum and, therefore, of
the tension of the myofibrils.2' In patients with
mild generalised myasthenia gravis (IIa) MIP
was lower than the control group, whereas no

significant reduction in MEP was found. MIP
could therefore be considered as an earlier
parameter of muscular deterioration in these
patients. It is also known that MIP is a good
measure of muscle force in other neuromuscu-
lar diseases such as Duchenne's disease, de-
teriorating before other measurements of lung
function.'014 Nevertheless, other authors2223
have found a greater deterioration of MEP in
patients with myasthenia gravis and in volun-
teers receiving curare.
The breathing pattern in moderate general-

ised myasthenia gravis showed a lower VT and
Ti, and a greater f, as in previous studies.'9
This kind of breathing - more shallow and
rapid - is not exclusive to myasthenia gravis
and has been observed in other neuromuscular
diseases. 1 6 24. Afferent nerves from respiratory
muscle, rib cage, and lungs could act centrally
to arrest inspiration and, as a result, shorten
TI.725 The higher frequency resulting from

shortened inspiratory time might lead initially
to a reduction in Paco2. Nevertheless, the
lower VT gives rise to an increase in the VD/VT
ratio which reduces effective ventilation. In
the long term these events could cause an

increase in Paco2.'9

The main inconvenience found when the
mean inspiratory flow is used to evaluate the
central ventilatory drive in patients with
muscle fatigue is that this parameter may be
underestimated.426 Even though some authors27
have 'suggested that P,.1 can also be under-
estimated, otfiers25 have found no evidence for
this. These results could explain the higher P0.,
and similar VT/TI in the patients with
myasthenia gravis compared with the control
group.

In our patients the central ventilatory drive
measured by P0.1 was increased as in myotonic
dystrophy,6 Friedreich's ataxia,28 or after cur-
are.26 Nevertheless, the elevation of P0. does
not increase ventilation because the effective
impedance is also increased. The increase of
the effective respiratory impedance found in
patients with myotonic dystrophy is not due to
the increase of the effective lung impedance.6
The obstruction of breathing during inspira-
tion may therefore be only attributed to raised
extrapulmonary resistance.
How the respiratory system detects muscle

weakness and increases the nervous drive is
not known. Two mechanisms - spinal and
supraspinal - have been proposed. The first
may be due to the excitation provoked by the
muscle spindles or Golgi tendon organ to the
respiratory motor neurones when muscles fail
to generate tension.7 The latter comprises
stimulation of the respiratory centres from
vagal reflexes which depends on VT.29
Our most important finding is the descrip-

tion of changes between mild and moderate
grades of myasthenia gravis. We have shown
that the central ventilatory drive is increased in
the mild grade of the disease (IIa), with tidal
volume remaining normal. The increase in Po.1
is inversely related to the deterioration of
muscle strength as measured by MIP. Never-
theless, when the disease progresses to grade
IIb the central ventilatory drive fails to in-
crease and tidal volume falls. The reduction in
muscle strength causes the changes in the
breathing patterns and the central ventilatory
drive.

In conclusion, changes of ventilatory control
in patients with myasthenia gravis are a res-
ponse to muscle weakness; thus tidal volume
falls when the muscles become too weak to
respond to an increase in central drive.
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