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Missed Diagnosis

Neuromuscular disease, respiratory failure and cor
pulmonale

John White, R.E. Bullock', P. Hudgson2 and G.J. Gibson

Department ofRespiratory Medicine, Freeman Hospital, Newcastle upon Tyne, and 'Departments of
Anaesthetics and2Neurology, Newcastle General Hospital, Newcastle upon Tyne, UK

Summary: Respiratory muscle weakness is an uncommon cause of chronic respiratory failure and a
rare cause of cor pulmonale. The problem may not be apparent unless specific physical signs are sought or
appropriate investigations performed. We present three patients who presented diagnostic difficulty for
prolonged periods until the presence of respiratory muscle weakness was considered. Once the diagnosis
was established treatment with nocturnal nasal intermittent positive pressure ventilation produced a
dramatic improvement in symptoms and allowed a return to a near normal lifestyle.

Introduction

Muscle weakness is rarely considered when a cause
of chronic respiratory failure and/or right heart
failure is being sought. We report three patients
who presented diagnostic difficulty for consider-
able periods until this possibility was considered.

Case reports

Case I

A 35 year old woman was referred for investigation
of respiratory failure. She had always been of short
stature and low weight and as a child was never
good at sports. She had attended an open-air
school because of recurrent chest infections. She
had been breathless on exertion for many years.

Following her second pregnancy at age 32 she
had had persistent left basal pneumonia and subse-
quent recurrent respiratory infections. A presump-
tive diagnosis of bronchiectasis was made; cystic
fibrosis was considered and was excluded by a
normal sweat test. Finally she was admitted to
hospital following a respiratory arrest at home
associated with a chest infection. This necessitated
prolonged assisted ventilation, latterly via trach-
eostomy with subsequent slow recovery and even-
tual weaning from the ventilator.

She was then transferred to our department for
further investigation. Further questioning revealed
symptoms of morning headache and 'muzziness'
present for several months. On examination she
was thin and wasted; she was able to lie supine
without discomfort and with no abdominal wall
paradox but she had an audibly weak cough. There
was a generalized reduction in muscle bulk and
power with no fasciculation or myotonia. Res-
piratory function tests (Table I) showed severe
respiratory muscle weakness with hypercapnia but
only mild daytime hypoxaemia. Overnight oxi-
meter recording of oxygen saturation (SaO2) how-
ever showed profound desaturation, with values
during most of the night below 80% and a nadir of
50%. Polysomnography demonstrated hypo-
ventilation but no periods of apnoea.
A diagnosis was made of congenital myopathy,

with profound respiratory muscle weakness and
respiratory failure. This was supported by an
elevated serum creatine kinase, a characteristic
electromyogram and muscle biopsy which showed
a marked myopathic process without specific
features. She was treated with nocturnal intermit-
tent positive pressure ventilation, initially via the
tracheostomy and subsequently by nasal mask. On
this treatment there was a gratifying improvement
in symptoms over a number of days and repeat
overnight recording of SaO2 showed values for
most of the night greater than 90% with a nadir of
80% (Table I). She is now back to leading an active
life, looking after her family with little restriction in
activity.
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Table I Pulmonary function and blood gas data

Patient 1 Patient 2 Patient 3

Spirometric volumes*
FEV, (litres) 1.0 (40) 0.55 (18) 1.2 (32)
FEV, supine (litres) 0.65 (26) 0.6 (16)
VC (litres) 1.0 (35) 0.6 (17) 1.55 (33)
VC supine (litres) 0.65 (22) 0.75 (16)

Maximum respiratory pressures*
PEmax (cm H20) 50 (58) 100 (68)
P,max (cm H20) 15 (23) 20 (19)
Pdi sniff (cm H20) 10 (9)

Daytime blood gasest
Pre/post treatment

Pre Post Pre Post Pre Post
pH 7.33 7.37 7.34 7.36 7.36 7.37
Pao2 (kPa) 9.0 10.3 6.3 12.2 4.62 8.2
PaCO2 (kPa) 9.0 6.6 10.0 6.37 7.09 4.6

Nocturnal SaO2
Before/during NPPV
Mean 65% 92% 77%t 95% 66% 90%
Time SaO2 <90% 99% 10% 99%t 0% 99% 20%

FEV, = forced expiratory volume in one second; VC = vital capacity;
NPPV = nasal positive pressure ventilation; *%predicted values in paren-
thesis; tbreathing room air; tbreathing 2 litres/minute 02-

Case 2

A 27 year old woman presented with malaise,
breathlessness and ankle swelling of 2 weeks'
duration. On examination there were signs of right
ventricular failure. She gave a history of frequent
chest infections and recurrent left lower lobe col-
lapse from the age of one year. A chest radiograph
at the age of 12 had been said to show right
ventricular enlargement. She had always been
weak, underweight and unable to participate in
sports and she had difficulty walking upstairs. No
organic cause had been found and the diagnosis of
anorexia nervosa had been suggested.
At presentation the chest radiograph showed

cardiomegaly, bilateral pleural effusions and
engorgement of the pulmonary veins. The electro-
cardiogram showed right ventricular hypertrophy
with right axis deviation and an echocardiogram
showed right ventricular dilatation; the left ventri-
cle did not appear distended but its function was
impaired. The fluid retention was treated with
diuretics and she was referred for investigation of a
presumed cardiomyopathy. These findings to-
gether with the patient's generalized weakness
suggested the presence of a congenital myopathy
which on muscle biopsy was shown to be nemaline
disease.

Respiratory function showed a very severe

restrictive ventilatory defect and hypercapnic res-
piratory failure. Overnight recording of SaO2
confirmed profound desaturation despite
breathing supplemental oxygen (Table I). She was
treated with nasal positive pressure ventilation
(NPPV) at night and for a few hours each after-
noon with improvement in her symptoms, physical
signs and daytime blood gases (Table I) over a
period of a week. Since then she has become more
active than ever before, leading an essentially
normal life, and her weight has increased from 32 to
51 kg.

Case 3

A 36 year old man was admitted to hospital with a
10 day history of mild breathlessness and ankle
swelling. He had previously been well and able to
run his own business, and had not previously
consulted a doctor. He was a non-smoker. On
examination he was obese and cyanosed, with
grossly elevated venous pressure, a loud pulmonary
component of the second sound, a fourth heart
sound, marked oedema and ascites. Investigation
showed polycythaemia, right ventricular hyper-
trophy on electrocardiogram and hypercapnic res-
piratory failure. Overnight oximetry showed severe
hypoxaemia. He was treated with venesection,
oxygen and diuretics with improvement in the signs
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and symptoms, and he was transferred to our unit
with a presumptive diagnosis of obstructive sleep
apnoea syndrome.

Further enquiry revealed a family history in his
younger brother of multiple operations for club
foot and his mother had bilateral hand weakness
and wasting with a 'steppage' gait. Examination of
the patient in the supine posture showed paradox-
ical motion of the anterior abdominal wall on
inspiration. Neurological examination demon-
strated slight wasting of the thenar eminence with
normal power in the upper limbs, the triceps jerk
was just present but the other reflexes were absent,
power of ankle flexion was poor and eversion was
absent. Sensation was altered up to mid-calf and he
demonstrated a 'steppage' gait. A diagnosis was
made of hereditary motor-sensory neuropathy
Type 1 (Charcot-Marie-Tooth disease) with diaph-
ragmatic weakness, and this was confirmed by
further investigation. Echocardiography showed a
thickened but well-functioning right ventricle.
Nerve conduction velocity studies showed a com-
bined demyelinating/axonal neuropathy with
evidence of marked conduction block in some of
the nerves, a feature regularly seen in primary
demyelinating disorders; this was in keeping with
the putative diagnosis and the findings were similar
to those found in his relatives. Respiratory function
tests (Table I) showed a severe restrictive ven-
tilatory defect with a marked postural fall in vital
capacity, poor maximal inspiratory pressure
measured at the mouth and a very low transdiaph-
ragmatic pressure (Pdi) during a maximal sniff,
confirming severe bilateral diaphragmatic
weakness. Polysomnography showed severe
hypoventilation without apnoea (Table I).
He was treated with nocturnal NPPV with

symptomatic improvement and resolution of
clinical signs and was able to return to work within
2 months.

Discussion

Respiratory failure in patients with neuromuscular
disease results from hypoventilation consequent on
impaired respiratory muscle function and reduced
lung compliance. In each of the three patients
described here, weakness had been present for at
least 20 years but because of its very slow progres-
sion it had gone unrecognized. Each had caused
considerable diagnostic difficulty and in two the
major respiratory problems came to light only with
the development of cor pulmonale.

Unlike the situation with scoliosis, the develop-
ment of 'right heart failure' seems to be an unusual
manifestation of respiratory failure due to
respiratory muscle weakness. Both congenital
myopathy"2 and hereditary motor-sensory neuro-

pathy3 are recognized, albeit rare, causes of
respiratory muscle weakness. Diagnostic difficulty
in the patients described here probably arose for
several reasons. The congenital myopathies usually
present in childhood or adolescence, so the condi-
tion is less likely to be diagnosed in adults. In the
case of hereditary motor-sensory neuropathy
diaphragmatic weakness is known to occur but it is
rarely sufficient to cause symptoms or the develop-
ment of respiratory failure.

In the absence of a positive family history,
consanguinity, or obvious clinical features of
neuromuscular dysfunction, slowly progressive
muscle weakness often causes diagnostic difficulty.
Suggestive features include recurrent chest infec-
tions in childhood and inability to participate in
games. Breathlessness on exertion may not be a
prominent feature as many patients are unable to
exercise sufficiently to become breathless.
Occasional patients present with difficulty in wean-
ing from a ventilator after a routine surgical
procedure, or with morning headache and daytime
somnolence associated with nocturnal hypo-
ventilation. Examination may reveal selective mus-
cle wasting and weakness although most of these
patients have 'slim limbs'. Other signs of
neuromuscular dysfunction, particularly fascicula-
tion and myotonia, should always be sought.

Investigation can provide clues to the diagnosis
with, for instance, a chest radiograph reported as
showing 'poor inspiratory effort' because of eleva-
tion of the diaphragm. The diagnosis of respiratory
muscle weakness is confirmed by the finding of a
restrictive ventilatory defect and a marked impair-
ment of maximal respiratory pressures. A marked
postural fall in vital capacity (>25%) is related
more specifically to weakness or paralysis of the
diaphragm. Electrophysiological studies and mus-
cle biopsy provide definitive diagnostic inform-
ation.
Treatment depends on the underlying cause and

prognosis. Nocturnal ventilatory support, with
either positive or negative pressure has become
established as effective therapy in appropriate cases
and its beneficial effects are well recognized.6'7 As
well as improving nocturnal pulmonary gas
exchange, its use also leads to increased Pao2 and
reduced Paco2 by day when the patient is breathing
spontaneously. Nasal positive pressure ventilation
is a recent modification of this technique utilizing a
well-fitting nasal mask.8 It is generally well
tolerated and has become the method of choice for
patients such as those described.9 There is little
impairment in communication as the mask is
generally worn only whilst the subject is sleeping.
Providing patients are able to move their hands to
their face the non-invasiveness, simplicity and
semi-portability of the equipment makes it the
most acceptable technique in most circumstances.
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In conclusion, chronic respiratory muscle
weakness may be difficult to recognize and should
be considered in any patient with cardio-

respiratory failure in whom the cause is not
immediately apparent.
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