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group) antibodies. Other than this the diagnosis is based on
the clinical, haematological, and family history data. The
prognosis is bad, as in some 75% of described cases the
patient has died in childhood. All infections should be
reated vigorously with suitable antibiotics, and there is a
place for prophylaxis in some cases. Improvements in treat-
ment seem likely to allow more children to survive and reach
adult life. Patients have survived to the age of 9 years10
and more, leading a relatively normal life.11

It is not yet possible to explain this strange association of
Iefects by a simple unifying hypothesis, but the basic defici-
ency must surely lie in defective production of some enzyme
system. This presumably leads either to a diminished output
of platelets or to a normal production of defective platelets,
and would be consistent with the observation that the mega-
karyocytes are always morphologically normal and that
platelet antibodies have not been found." The postulated
enzyme defect would presumably also be the cause of the
weak anti-A and anti-B antibodies' and of the defect in the
Dmmune mechanism which leads to the infections. It would
aave been apt if this defective immunity had been associated
with an abnormality of the immunoglobulins, since there is
already an X-linked variety of agammaglobulinaemia, but
such abnormality as has been described does not fully account
for the unity defect. The total gammaglobulin levels
have been consistently normal, mainly because the IgG has
always been normal, and the changes in the IgA and IgM
have been inconsistent, though IgM has often been found to
be low.-" " However, other substances than gamma-
globulin must be necessary for adequate resistance to infec-
don, and, as M. D. Cooper and colleagues" say of the
Wiskott-Aldrich syndrome, "the biologic definition of this
intriguing model promises to provide key information towards
a better understanding of the body defence mechanisms."
But what of the eczema ? No hypothesis at present can

explain this and the subsequent asthma on the basis of such
an enzyme defect. Two children with the Wiskott-Aldricb
syndrome have been reported15 to have developed a general-
ized fatal infection with herpes simplex virus. This may
have some parallel with the generalized vaccinia which occurs
in patients with eczema.

It may be of even greater importance that recently an
increased incidence of neoplasms of the reticulo-endothelial
system-mainly lymphoma and myeloid leukaemia-has been
described in survivors of the Wiskott-Aldrich syndrome.",
This could arise from compensatory cellular hypertrophy,
resulting from the genetic defect, in which the compensatory
Aells changed their character and became autonomous and
mnalignant. A failure of the body's immunological recogni-

tion of such cells might also be entailed in this association.
The possibility must also be considered that the prevalence
of neoplasms and the susceptibility to infections, including
viral, might be due to deficiency of cellular immunity.
Possibly the rare Wiskott-Aldrich syndrome holds the key
not only to the cause of some cases of eczema, asthma, and
thrombocytopenia but even to some cases of malignant
disease.

Exercise Tests
From ancient Olympia to Mexico City man has been
measuring his capacity for physical effort in terms of the
highest leap, the furthest throw, and the fastest mile. But
today many of the techniques used to measure cardiac and
respiratory performance are so complex that they are difficuh
for a breathless person to carry out during exercise. Con-
sequently, exercise tests are often not applied in clinical
practice, and a patient referred for the investigation of
effort intolerance may never be examined under the condi-
tions in which his symptoms arise.
The simplest form of exercise test is one in which the

physician walks with his patient in the ward or up a flignt
of stairs. Clinical observation will then reveal the degree of
even the cause of disability. A rough but objective measure
of effort tolerance lies in a comparison between the heart and
respiratory rates of the patient and of the observer who
accompanies him. Exercise may also provoke symptoms
and thus help to establish the diagnosis of such conditions as
effort angina and claudication-for more reliance can be
placed on an account of present pain than of pain recalled.
Diagnostic physical signs likewise may be evident only on
exercise. The cyanosis of congenital heart disease and the
diastolic murmur of mitral stenosis are well-known examples,
while more recently it has been shown that asthmatic wheez-
ing can sometimes be induced by exercise in a patient whose
lung function is normal at rest.'
The most informative exercise test allows the precise

analysis of circulatory, pulmonary, and metabolic responses to
known grades of work during exercise and recovery. The
first requirement is a machine which permits work load
during exercise to be adjusted and measured. The simplest
apparatus consists of a wooden step with removable leaves;
the height and the rate of stepping are varied according to
the patient's weight to provide a standardized amount of
effort.2 The main disadvantage of this method is that body
movement in the vertical plane impedes the collection of
samples of blood and expired gas. A treadmill whose rate
and slope can be adjusted allows exercise under fairly
normal walking conditions,3 but the equipment is relativeiy
expensive and cumbersome and also potentially more danger-
ous for the patient. A braked cycle ergometer' which main-
tains a constant load despite variations in pedalling speed
provides a seated patient from whom samples can more
readily be obtained, and it can also be adapted to studies in
the supine posture. The work done is independent of body
weight, but the machine does demand a kind of effort which
is unfamiliar to some patients.
When an apparatus for imposing a graded work load has

been selected5 the next step is to choose methods for assessing
the patient's responses. Information can be obtained from
the skin, from internal intubation, or from samples of blood
and expired air. Techniques employing skin contact include
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electrocardiography and ear oximetry. The electrocardio-
graph provides a record of the heart rate, perhaps the most
useful single index of the circulatory response to exercise,
and it may also reveal evidence of effort ischaemia in the
form of changes in the level of the S-T segment. Muscle
artifact is eliminated by attaching the leads to chest and
forehead, a method which gives a tracing closely resembling
standard lead V4.6 Ear oximetry also provides information
from a relatively static part of the body surface. It will
show whether oxygen desaturation of the blood occurs during
exercise, and it can be used to measure cardiac output by a
dye-dilution technique. Cardiac output during exercise can
also be obtained by catheterization, which at the same time
may show transvalvular gradients and raised pulmonary
vascular or intracardiac pressures that were not apparent at
rest; for this purpose a cycle ergometer can be adapted to the
supine posture of the patient. Other forms of internal intuba-
tion used mainly for respiratory studies-for example,
bronchial and oesophageal catheterization-are generally
inappropriate for exercise studies.
The methods so far described relate mainly to the assess-

ment of circulatory responses to exercise. Information about
pulmonary and metabolic adaptations is derived from the
analysis of samples of arterial blood and expired gas. A
polyethylene catheter inserted percutaneously into the brachial
artery by the Seldinger technique permits the measurement
during exercise of oxygen saturation, oxygen and carbon
dioxide tensions, and the concentrations of lactate and bi-
carbonate in arterial blood. To record ventilation a low-
resistance closed-circuit spirometer can be employed pro-
vided carbon dioxide is removed from the circuit and oxygen
replaced at the rate of consumption (the Godart Pulmotest is
suitable for this purpose). With this technique the tidal
volume, respiratory rate, and oxygen uptake are obtained in
the same experiment. The ventilatory response to exercise
can then be expressed in terms of ventilation per unit of
work load, ventilation per unit of oxygen consumption
(" ventilation equivalent "), or as excess of ventilation above
the resting level during a given period of exercise and
recovery.

If an analysis of expired gases is also required then a
circuit incorporating a two-way valve is used, the patient
breathing in from the atmosphere and out either into a
Tissot spirometer or through a low-resistance gasmeter to
a collecting-bag. With such a system it is possible to obtain
measurements of ventilation, carbon dioxide output, oxygen
intake, respiratory exchange ratio, and the end-tidal, mixed-
expired, and mixed-venous tensions of carbon dioxide.
Ingenious methods whereby these relatively simple data can
be used to derive measures of cardiac output, alveolar and
dead-space ventilation, and anaerobic metabolism have

recently been reported from the Royal Postgraduate Medical
School7''0. In an excellent review" N. L. Jones claims that
these bloodless procedures during exercise may obviate the
need for other investigations. It could perhaps be said,
without detracting from this admirable work, that some older
patients might prefer the prick of a needle and a few brief
spirometric manceuvres at rest to spending periods of up to
30 minutes riding a bicycle while wearing a mouthpiece and
a nose-clip. In clinical practice exercise tests should surely
be reserved for those patients in whom the cause and degree
of disability cannot be predicted with reasonable certainty
from studies at rest.
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Pulmonary Calcification after
Chicken-pox

The virus pneumonia of chicken-pox is now known to cause
scattered calcified foci in the lungs. J. B. Mackey and
P. Cairney' were the first to recognize the association, whid
has since been extensively studied by A. F. Knyvett.2

Chicken-pox is rarely severe in children, but some 16 tc
33% of adults develop pneumonia,'35 with an estimated
mortality rate of 20%.2 The symptoms of pneumonia vary
from slight cough and sputum (the diagnosis being made or
routine radiography) to progressive dyspnoea, haemoptysis,
and cyanosis. The pathological changes consist of patchy
haemorrhagic consolidations containing macrophages, lympho-
cytes, and polymorphonuclear leucocytes."
The characteristic radiological features of chicken-pox

pneumonia are scattered nodular opacities measuring up to
1 cm. across. They usually resolve within two months.
Occasionally serial radiographs show persistent nodules which
slowly start to calcify after 3 to 5 years. The calcified foci
measure 3 to 5 mm. in the long axis, with irregular margins;
rarely, a solitary focus of over 1 cm. in diameter is visible."
There is no associated calcification in the lymph nodes, liver,
or spleen. Why the calcification should occur in the lungs is
not clear, except that it often develops when any pulmonary
inflammation persists for long enough. Knyvet has recently
reviewed the smoking habits of 185 persons found on mass
radiography to have calcification which he attributed to
chicken-pox. There was a strong suggestion that tobacco
smoking favoured the development of the calcification, and
hence presumably of the preceding pneumonia.
The commonest cause of pulmonary calcification is tuber-

culosis, both in the region of the main focus of infection and
as an end result of bronchogenic dissemination. If both of
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