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Miscellaneous Disorders

Ischaemic Myopathy.-Infarction of muscle may take place
as a result of arterial embolism or thrombosis. It also may
occur as a consequence of arterial damage related to closed
fractures of a limb, usually supracondylar fractures of the
humerus or fractures at the upper end of the femur. Fibrotic
shortening of the muscle may ensue, as for instance in Volk-
mann's ischaemic contracture of the forearm muscles seen
following damage to the brachial artery with fractures in the
region of the elbow. Muscle infarction also occurs in poly-
arteritis nodosa and can contribute to the muscle weakness and
wasting that may develop in this disease, in addition to that
caused by vascular lesions of the peripheral nerve trunks.
The anterior tibial syndrome consists of severe pain in the

muscles of the anterolateral compartment of the lower leg
after vigorous or unaccustomed exercise. It is considered to be
the result of muscle swelling and consequent ischaemia as the
muscles are contained within an inelastic fibro-sseous space.
Infarction of muscle may take place, leading to persistent weak-
ness, but is possibly preventable by surgical decompression of
the compartment.
Myoglobinuria.-Release of myoglobin because of acute des-

truction of muscle fibres may cause myoglobinuria, which can
lead to acute renal failure. Myoglobinuria is seen from a wide
variety of causes, including extensive crush injury or infarction
of muscle, acute polymyositis, hypokalaemic paralysis, and
acute alcoholic myopathy. The occurrence of myoglobinuria on
exercise in McArdle's disease has already been mentioned.
Exercise may be a provocative factor in acute idiopathic myo-
globinuria, in which the nature of the metabolic disturbance
has not yet been defined.
Myasthenic Myopathy.-Though disturbances of neuromus-

cular transmission fall outside the scope of this article, it is worthy
of note that myopathic weakness and wasting may supervene
in patients with myasthenia gravis. Collections of lymphocytes
(lymphorrhages), together with occasional necrosis or atrophy
of muscle fibres, are a not uncommon histological finding in
the muscles of patients with myasthenia gravis who clinically
do not show frank muscle wasting. When persistent weakness
and wasting develop they most commonly affect the external
ocular, tongue, and proximal limb muscles. This generally
appears only after the disorder has been present for many years,
but it sometimes develops quite early. It represents one reason
for muscle weakness in myasthenia becoming refractory to
treatment with anticholinesterase drugs.

Diagnosis of Primary Muscle Disease

Not infrequently it is difficult to decide on clinical grounds
whether muscular weakness and wasting are due to primary
muscle disease or whether they are secondary to denervation.
The three investigative procedures that are most helpful in
making this distinction are electromyography, serum enzyme
estimations, and muscle biopsy.

In myopathic disorders electromyography reveals short
duration, polyphasic motor unit potentials of low amplitude.
These changes result from the diffuse loss of muscle fibres
throughout the muscle, so that the number of muscle fibres per
motor unit is diminished. In patients with polymyositis
increased mechanical irritability of the muscle fibres and
spontaneous fibrillation may also be observed-findings that
are normally associated with denervation. It has been suggested
that this is the consequence of the involvement of the intra-
muscular nerve fibres by the inflammatory process. It is more
likely, however, that they are the result of the segmental
necrosis of muscle fibres so that portions become separated from
their end-plates and therefore display the same changes as in
denervation.
Though a number of muscle enzymes are released when

muscle fibres are damaged, the serum creatine kinase level is
the most sensitive indicator of primary muscle disease. It is
particularly likely to be elevated in acute or rapidly progressive
disorders and less likely to be abnormal in chronic, slowly pro-
gressive myopathies. It is normal or only slightly elevated in
cases of denervation atrophy.
Muscle biopsy, in addition to assisting in deciding between

primary muscle disease and denervation atrophy in cases in
which this is in doubt, may provide information as to the
precise nature of the muscle disorder. This is especially true
of inflammatory myopathy. In the endocrine myopathies muscle
biopsy is less likely to be diagnostic and the associated clinical
features are more helpful. In certain of the metabolic myo-
pathies, such as the glycogenoses, detailed chemical and histo-
chemical studies on muscle biopsies may be required in order
to establish the diagnosis.
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TODAY'S DRUGS

Bronchodilators

With the help of expert contributors we print in this section
notes on drugs in current use.

Bronchodilator drugs are used to reverse or diminish general-
ized peripheral airway obstruction. This occurs in bronchial
asthma and in chronic non-specific obstructive lung disease.
The latter includes patients with what is sometimes called the
emphysema-bronchitis syndrome, in which one component,
in Britain most commonly the bronchitic one, predominates.
The way in which airway obstruction is produced differs in
these conditions, and this has an important bearing on the
extent to which this can be relieved by drugs. In bronchial
asthma narrowing of the airways is due to contraction of the

smooth muscle in the bronchi, oedema of their walls, and the
retention of viscid bronchial secretion. In chronic non-
specific obstructive lung disease distortion and narrowing of
the smaller peripheral bronchial airways occurs from repeated
episodes of bronchial infection, added to which there is
marked hypertrophy of mucus-producing glands, both in the
bronchial walls and in the epithelium lining the bronchi, and
excess bronchial secretion. When destructive emphysema is
present in-addition, whether of the centrilobular or panacinar
variety, loss of elastic tissue support of the peripheral airways
at bronchiolar level leads to collapse and severe narrowing of
these airways during expiration.

Objective Tests

It follows, therefore, that the greatest relief of airway ob-
struction from bronchodilator drugs can be expected in bron-
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Today's Drugs

chial asthma, and that much less benefit can be expected in
subjects with chronic non-specific obstructive lung disease.
Because the subjective assessment of reduction in airway ob-
struction is often unreliable, it is important to obtain objective
evidence of improvement whenever possible. This can best be
done by measuring the increase after the drug in the forced
expiratory volume in 1 second (F.E.V.i) from a forced ex-

piratory spirogram (this is readily obtained from a water sealed
spirometer or from a portable dry wedge spirometer such as

the Vitalograph) or by the increase in peak flow rate (P.F.R.),
which again can be readily obtained with the portable Wright
peak-flow meter. Increases in F.E.V., of 200% or more are

not uncommon in bronchial asthma, especially in the extrinsic
or allergic variety and when initially the airway obstruction
was not severe. But increases in F.E.V., of 10% or less are all
that can usually be obtained in those with chronic non-

specific obstructive lung disease, and often no increase what-
soever in these measurements are seen.

It is therefore important to demonstrate objectivelIy a re-

duction in airway obstruction after the drug has been given. In
addition, these tests can be used to compare the effectiveness
of various bronchodilator drugs in any one patient.

Bronchodilator Drugs
There are two main types of bronchodilator drugs: sym-

pathomimetic compounds and derivatives of theophylline.

Sympathomimetic Compounds
These drugs act on adrenergic receptor sites, which are

found widely distributed throughout the body and are class-
ified, depending on the response elicited, into a and /3. The /8
receptors have recently been further subdivided into f3, and
:2' Stimulation of 8, receptors in the bronchial muscle leads
to bronchodilatation, but simultaneous stimulation of B1 recep-
tors in the myocardium leads to tachycardia and an increase in
cardiac output; and when a receptors are stimulated in addi-
tion there is peripheral vasoconstriction and increased blood
pressure. Thus bronchodilatation- may be achieved accom-

panied by undesirable and potentially dangerous cardiovascular
stimulation. In addition, the cardiovascular effects increase the
pulmonary blood volume, and this may lead to an exaggeration
of disturbed ventilation-perfusion ratios in the lung and to a

worsening of hypoxaemia even though airway obstruction is
diminished. Adrenaline, whether given by subcutaneous in-
jection (02-0-5 ml. of a 1 in 1000 solution) or by aerosol-
inhalation of a 1% solution, is an effective drug in reversing
airway obstruction, but because it stimulates a and /8i as well
as /2 receptors it causes tachycardia, increase in cardiac out-
put, and sometimes an increase in blood pressure, and arterial
desaturation may become worse.

Isoprenaline is also an effective drug in relieving airway
obstruction, but because it stimulates /31 and /32 receptors
equally it too has a tendency to produce cardiovascular
stimulation, especially tachycardia, and again there may be no

improvement in arterial desaturation and in many instances
the Pao2 falls. The cardiovascular effects are especially evi-
dent when tablets (10 mg.) are sucked or crushed in the
mouth. Most often, however, the drug is given by inhalation
either as a spray or from a portable pressurized aerosol. This
latter device produces an aerosol mist the particles of which
are of optimum size for penetration deep into the lungs, and
for this reason it is all too easy for the patient to administer
an overdose. Portable pressurized aerosols should be pre-

scribed only when the doctor has satisfied himself that the
patient fully understands the risks. There is evidence that the
recent increase in asthma mortality was related to overdosage
of sympathomimetic compounds (most often isoprenaline).
Fortunately, since warnings about the dangers of overdosage
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from these aerosols have appeared there has been a fall in
asthma deaths.
The bronchodilator activity of adrenaline and isoprenaline

is relatively short-lived. When given with atropine metho-
nitrate the effect is prolonged, but it seems likely that because
of their side-effects and short duration of action these bron-
chodilators will in the future be superseded by the newly
introduced sympathomimetic drugs such as orciprenaline and
salbutamol. These stimulate selectively /32 receptors in bron-
chial muscle and have little or no effect on receptors in
the cardiovascular system. Probably because of this, these
drugs have the added advantage that they are less likely to
lead to falls in Pao2 than adrenaline or isoprenaline, and their
duration of action is much longer. Orciprenaline may be given
by mouth (20 mg. tablets), but more often it is administered by
aerosol inhalation, like salbutamol, from portable pressurized
aerosols. The equivalent dosage from two puffs is 1,500 ,tg. of
orciprenaline and 200 ,ug. of salbutamol. There is some evi-
dence that in this dosage salbutamol is slightly more effective
than orciprenaline. Both drugs' action lasts for at least 4 hours.
Tablets of ephedrine by mouth often cause insomnia and

in older males may cause urinary retention, and tolerance
to its bronchodilavor activity often develops. Moreover, it
dangerously potentiates the cardio-stimulation of adrenaline
and isoprenaline. However, ephedrine tablets are often useful
for relief of airway obstruction in children (1-5 yrs. 15 mg.;
6-12 yrs. 30 mg.) and there is an clixir B.P.C.

Theophylline Derivatives
These drugs differ in their action from the sympathomi-

metic compounds. They relieve airway obstruction by a direct
caffeine-like action on bronchial muscle and also increase
coronary blood flow and stimulate respiration centrally. They
are given by intravenous injection, by mouth, and as suppo-

sitories. Because of its effectiveness and rapidity of action
aminophylline (250-500 mg. by slow intravenous injection) is
often used as first line treatment for the patient with severe

asthmatic airway obstruction. It too may cause lowering of
Pao,, so that oxygen in an inspired concentration of 28-35 %
should also be given through a Venturi or Edinburgh mask.
Aminophylline cannot be given satisfactorily by mouth

because it is highly alkaline and causes gastric irritation. To
overcome this there are now a number of preparations of
theophylline salts prepared by combining theophylline with
amino-acids to bring the pH of the drug nearer to neutrality-
e.g., choline theophyllinate. The activity of these compounds
depends upon the amount of "free" theophylline liberated into
the blood stream after absorption, and proxyphylline (300 mg.
t.i.d.) is probably the best oral theophylline compound because
of its freedom from side-effects and high serum theophylline
levels. However, theophylline compounds by mouth are in
general less effective than sympathomimetic compounds, so
that the effect of the different types of drug should be com-

pared objectively in individual patients by measuring increases
in F.E.V.. Aminophylline, choline theophyllinate, and proxy-
phylline may be given as suppositories, and used in this way
they are useful in treating airway obstruction occurring espe-
cially at night.
There are various proprietary preparations of bronchodi-

lator drugs combined with barbiturates. Depression of the
respiratory centre from barbiturates is dangerous in patients
with airway obstruction, so these combinations of drugs must
be used with caution.

In conclusion, bronchodilator drugs should be given only
when there is good clinical and spirometric evidence that air-
way obstruction is reduced afterwards. To persist or to in-
crease the dose is not only usually fruitless, but carries with it
the risk of producing serious and potentially lethal side-
effects.
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