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injury are probably due to increased intracranial pressure,3 but there
was no question of this in our patient either symptomatically or on
computed tomography.
The most logical explanation for the haematoma in our patient

was shearing injury to the blood vessels supplying the lower midbrain
and upper pons with no damage to brain stem tissue, which might
explain why he remained alert and conscious.

'Crompton MR. Brainstem lesions due to closed head injury. Lancet
1971 ;i :669-73.

2Mitchell DE, Adams JH. Primary focal impact damage to the brainstem
in blunt head injuries: does it exist? Lancet 1973;ii:215-8.

3Adams JH, Mitchell DE, Graham DI, Doyle D. Diffuse brain stem
damage of immediate impact type. Its relationship to "primary brain
stem damage" in head injury. Brain 1977;100:489-502.
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Severe bronchoconstriction after
inhalation of budesonide
Budesonide is a synthetic non-halogenated glucocorticoid that has
recently been introduced as an aerosol for the treatment of asthma.'
We report a case of severe bronchoconstriction after inhalation of
budesonide aerosol.

Case report

A 63 year old businessman with moderately severe intrinsic asthma received
regular maintenance treatment with a beclomethasone pressurised aerosol
(Becotide) and a salbutamol aerosol (Ventolin), with occasional short courses
of oral steroids. He developed symptomatic oral candidiasis, and beclo-
methasone was stopped. He was prescribed a budesonide pressurised spacer
inhaler (Pulmicort). The following morning he felt wheezy but went to work
after using his bronchodilator, collecting his new Pulmicort inhaler on the
way. On arrival at his office he inhaled one puff of budesonide (200 jg) for
the first time and almost immediately developed rapidly increasing shortness
of breath and wheeze. Within a few minutes he was so dyspnoeic that he could
not call out or use his telephone to summon help. He thought he was dying.
He was found and rushed to hospital. On arrival he was distressed and very
wheezy and was given intravenous aminophylline. His forced expiratory
volume in one second was subsequently measured at 700 ml. His condition
improved, and he was given a reducing course of oral steroids. He was then
started on a regular betamethasone aerosol (Bextasol) and bronchodilators.
Measurements at home of his peak flow rate showed that his condition
returned to a stable state.
Two months later he attended the lung function laboratory and was chal-

lenged with two puffs from the same Pulmicort inhaler that he had used
before. Within 10 minutes he was very wheezy and dyspnoeic and his forced
expiratory volume in one second had fallen by 41% (from a mean baseline of
1-45 1), his forced vital capacity by 34% (from 3-25 1), and his peak flow rate
by 29% (from 233 1/min). Subsequent inhalation of nebulised salbutamol
caused a rapid improvement in symptoms and lung function. On separate
occasions he was then challenged in a single blind manner with two puffs
from a different Pulmicort aerosol and two puffs and later four puffs from an
Astra placebo aerosol canister. (Two puffs of the placebo contained the same
amount and type of fluorocarbon propellants as one puff of Pulmicort.)
Appreciable bronchoconstriction again developed with Pulmicort (table).
Lesser bronchoconstriction was seen with the placebo, especially after four
puffs.

Percentage fall in forced expiratory volume (FEV1), forced vital capacity
(FVC), and peak flow rate (PFR) after challenge with two different budesonide
aerosols and a placebo

Inhaled challenge ,' fall in FEV, % fall in FVC % fall in PFR

2 puffs budesonide:
First challenge 41 34 29
Second challenge 35 28 19

2 puffs placebo 20 10 11
4 puffs placebo 21 16 17

Comment

Pressurised aerosols based on fluorocarbons are now widely used in
the management of asthma. Bryant and Pepys investigated three
patients who developed wheezing after inhalation of beclomethasone
diproprionate (Becotide) and found similar bronchoconstriction after
inhalation of a placebo aerosol containing only the propellant vehicle
(fluorocarbons 11 and 12).2 These patients did not react, however, to
bronchial challenge with gaseous fluorocarbons obtained by heating
the liquid propellants to boiling point, suggesting that other factors
apart from fluorocarbons were important. Aerosols also contain a deter-
gent (sorbitan trioleate in Pulmicort, oleic acid in Becotide), a rubber
metering valve, and possibly also contaminants from the aluminium
can. Sensitivity or non-specific bronchial reactivity to these compo-
nents may be possible. Indeed, we have repeatedly noted a pungent
rubbery smell after the delivery of budesonide. In a single blind study
we found that eight of 10 normal subjects coughed spontaneously after
inhaling one metered dose of budesonide but that only two of the same
subjects coughed after beclomethasone.
Our patient developed appreciable bronchoconstriction to both

budesonide and its propellants (trichlorofluoromethane, dichlorodi-
fluoromethane, and dichlorotetrafluoroethane). This may be an idio-
syncratic reaction, but it will be important to know whether further
cases of bronchoconstriction develop after inhalation of this new
steroid preparation.
We reported our findings to the Committee on Safety of Medicines

and to Astra Pharmaceuticals. No similar cases have been reported to
date.

We thank Dr A Higgins and Mr A Gay of Astra Pharmaceuticals for their
help in preparing this report.
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Legs that swell and ache: volume
changes during the day in
healthy young adults
Complaints of aching, heavy, or swollen legs are common among
people who stand for long periods, and particularly among pregnant
women, the obese, and those with varicose veins. We carried out a
study to establish whether such complaints in fit young adults were
associated with leg swelling and whether such swelling was influenced
by sex, build, or menstrual cycle.

Subjects, methods, and results

We studied 20 junior doctors (10 men, 10 women) during an "ontake"
day. None was pregnant or had varicose veins. At 0800 we measured each
subject's height and weight. Leg volume was measured by lowering the left
leg into a rigid Perspex container filled with water to the level of a side
spout at a height of 46 cm and measuring the volume of water displaced
when the subject was standing with weight equally distributed between
both feet. Leg volume was measured again at 1300 and 2200. On each
occasion subjects reported whether they had been busy over the preceding
few hours, and at the end of the day they recorded on a linear analogue scale
any aching in the legs.

All subjects showed a significant increase in leg volume during the day.
The mean (SE) increase was 2-79 (0 4)% by 1300 (t=6-86, p< 0-001) and
3-74 (0 64)% by 2200 (t= 8-42, p< 0-001). These increases were not influenced
by sex, height, weight, obesity index (weight/height2), or level of activity.
Women who did not wear tights (n= 3) had a greater increase in leg volume
than those who did (mean 3-19 (0-72)% v 2-61 (0 54)%), but the difference
was not significant. Subjects who complained of aching legs (seven men,
seven women) had significantly more leg swelling by 2200 than those who
did not (mean 4-38 (0-47)% v 2-25 (0.75)%; t=2-43, p< 0 05).
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