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Penetration of antibiotics into
the respiratory tract
Few antibiotics penetrate well into broncial secretions, and
yet most respiratory- infections respond to treatment. The
poor penetration seems to matter only in patients with
chronic suppurative airways disease (bronchitis, bronchiectasis, and cystic fibrosis) and in those infected with less
sensitive organisms and may then contribute to recurrent
sepsis. In these patients the initial response to antibiotics may
be good because the drugs penetrate the mucosa better than
the secretions, but subtherapeutic concentrations in--the
mucus may lead to relapse. Furthermore, penetration may
become worse as tissue damage progresses.' For these
reasons doctors, and particularly those looking after patients
with chronic suppurative lung diseases, need to know
something about the penetration of antibiotics into the
respiratory tract.
The penetration of (3 lactam antibiotics is modest-peak
sputum concentrations of penicillins are only 5-20% of those
in serum. Even 1 g of oral ampicillin will not always attain
inhibitory concentrations for haemophilus, although activity
against more sensitive bacteria such as Streptococcus pneumoniae is readily achieved-2 Parenteral ampicillin gives
higher concentrations in both the serum and sputum.
Amoxycillin is more completely absorbed from the gastrointestinal tract and achieves higher serum and sputum
concentrations than oral ampicillin,34 though even 750 mg
will not always produce inhibitory sputum activity against
haemophilus.5 Cole and colleagues have reported longer
remissions in patients with chronic bronchitis after short
courses of high dose oral amoxycillin (3 g 12 hourly),-though
peak sputum concentrations varied widely.6 Davies and
Maesen found higher sputum ampicillin concentrations after
bacampicillin (800 mg) than after ampicillin (1 g),5 although
eight hourly 400 mg or 800 mg doses of bacampicillin
controlled haemophilus infections in bronchitis.7 Standard
oral doses of cloxacillin in patients with cystic fibrosis
scarcely exceed inhibitory concentrations for StaphyJlococcus

aureus.' Broad spectrum penicillins such as carbenicillin,
piperacillin, ticarcillin, and mezlocillin do not always
produce adequate activity against pseudomonas in respiratory secretions,g" and they are best used with an
aminoglycoside in patients with serious infection. Cephalexin is active against Str pneumoniae in sputum, but the
concentrations are not likely to be inhibitory for Haemophilus
influenzae. " Injectable cephalosporins such as cefuroxime,
cefazolin, and cefotaxime achieve higher serum concentrations, and peak concentrations in sputum are at least four
times higher than those resulting from oral agents.' 013
Erythromycin is widely used in treating respiratory infections becauseofits activity againstmycoplasma, legionella,
and various other bacteria-pneumococci and branhamella
are very susceptible, but concentrations needed to inhibit
H influenzae are higher. Erythromycin produces good but
variable sputum concentrations when given intravenously'4
though much lower concentrations (which may be subinhibitory for haemophilus) after a 500 mg oral dose.'5 Much
greater activity is detected in lung tissue after oral and
intravenous erythromycin. Clindamycin and rifampicin
readily attain good sputum activity against Staph aureus,"'
and rifampicin is a suitable adjunct to antibiotics such as
flucloxacillin or vancomycin in staphylococcal pneumonia.
Anaerobes (implicated in aspiration pneumonia) are inhibited
by bronchial concentrations of metronidazole after 400 mg
oral doses."
Tetracycline concentrations in bronchial secretions are

inhibitory to most strains ofStr pneumoniae, though activity
against H influenzae is not always adequate.'7 Sputum

antibiotic concentrations and clinical results may correlate
poorly: Maesen and colleagues found that haemophilus
strains with minimum inhibitory concentrations of doxycycline exceeding 2 mg/l were rarely eradicated by conventional doses of doxycycline in patients with chronic
bronchitis, although almost two thirds of isolates with lower
minimum inhibitory concentrations responded, despite a
mean peak sputum concentration of only 0-3 mg/1.1s Considerably higher doxycycline concentrations are, however,
reached in the bronchial wall and lung tissue.'9
Treatment of respiratory infections caused by Gram
negative organisms with gentamicin is most likely to succeed
if peak serum concentrations exceed 8 mg/I.2" Studies in dogs
have shown that peak concentrations in bronchial mucus are
about one quarter of those in the serum and that even high
doses of gentamicin may fail to reach therapeutic concentrations against Pseudomonus aeruginosa in respiratory secretions.21 Adequate concentrations may not be readily achieved
in the elderly or in patients with renal impairment, when
dosage must be carefully controlled to avoid toxicity: combination with a broad spectrum penicillin may produce
synergy, but newer antipseudomonal agents such as ceftazidime are safer.
Trimethoprim passes readily into bronchial secretions,
and concentrations often exceed those in serum,22 though
sulphamethoxazole activity after oral co-trimoxazole may be
subtherapeutic. Brumfitt and colleagues detected no sulphamethoxazole and variable trimethoprim concentrations in
sputum in 24 patients given co-trimoxazole, though both
drugs were equally effective clinically.23 Quinolones have
renewed interest in antibiotic pharmacokinetics in the lung
because, despite effective diffusion in bronchi and good
antimicrobial activity including against haemophilus and
branhamella, they are only moderately active against Str
pneumoiae. Peak sputum concentrations exceedhalf of those
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probably because its reintroduction becomes ever more
unlikely. Nevertheless, the ethical issues raised by the
Amnesty report concern doctors throughout the world and
not merely those in the United States. Doctors have an
important part to play in abolishing what is cruel, inhuman,
and degrading punishment. Firstly, they must articulate
and implement ethical codes that unambiguously prohibit
doctors participating in executions, and, secondly, they must
widen the discussion to include the-broader ethical issues of
the death penalty.
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Evaluating mass training in
cardiopulmonary resuscitation
The Save a Life campaign, which was started in October
1986 to stimulate mass training in emergency first aid, rightly
emphasised cardiopulmonary resuscitation-the most complex first aid skill. Such campaigns are not new, and
the teaching of rescue breathing has been compulsory in
Norwegian schools since the early 1960s.' Recommendations
have been made for including training on resuscitation in
schools,2 and there is advice on organising community or
mass training.3-7 But do the benefits of these schemes justify
the costs or could the resources be better used?
Many researchers have explored the benefits for real
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casualties of bystanders being trained in cardiopulmonary
resuscitation,"4 and empirical calculations suggest that a
trained bystander can improve the survival chance of somebody with ventricular fibrillation from 21% to 43%.15 Up to
two lives for every 10000 people could thus be saved
annually.'i'8 Such calculations also suggest that a trained lay
person will meet a casualty between once in 25 years to once
in over 112 years.'&2'
Some of these uncertainties have been incorporated into a
model of the cost effectiveness of training programmes in
cardiopulmonary resuscitation.2' Important questions are
how often people should be retrained, whether resources
should be concentrated on training key groups, and what
sort of people should be trained. Over 40 studies have
shown that the skills of cardiopulmonary resuscitation decay
rapidly.'92223 Research is equivocal whether'training should
be concentrated in medical and paramedical groups.2;27
A survey of over 3000 people showed individual differences
in willingness to attempt cardiopulmonary resuscitation, but
over 40% reported that they would do something.28 Reported
willingness and actually carrying out cardiopulmonary resuscitation are, however, different things: when medical
or paramedical people witnessed a collapse then cardiopulmonary resuscitation was performed in one third of cases,
but when only non-medical people were present then resuscitation was performed in about one in every 25 cases."
Whether people help depends on how clearly they understand what is happening and'on whether other people are
present.29 This study also found that women helped less often
than men and that, though training did not raise the
intervention rate, it did increase dramatically the effectiveness of help given.
Some have argued, however, that even when a rescuer
does little or performs cardiopulmonary resuscitation inadequately the survival chances still improve."' Others have
questioned whether "retention of classroom skills is related
to performance during actual resuscitation attempts or
to eventual clinical outcomes."22 The dearth of empirical
studies comparing "classroom skills" with actual performance means that this assertion remains untested. In studies of
medical students and hospital staff it has been suggested that
some may have performed better in real emergencies and
some worse.3' 32
Many cases are required to determine the effectiveness of
interventions. Assessment is complicated by the nature of the
incident that causes breathing to fail and the heart to stop. In
some cases cardiopulmonary resuscitation would be unsuccessful however well performed, but developing and maintaining the blood pressure and circulation of oxygen for
adequate tissue perfusion and continuing brain function
demand a high level of skill. Therefore, there is no basis for
assigning low importance to initial and refresher training in
cardiopulmonary resuscitation. As rescuers will not require
the full repertoire of skills in every incident excellent training
is required for trainees to have adequate knowledge and skills
from which to draw should the need arise.
Criticisms of mass training in cardiopulmonary resuscitation are that trainees develop a false sense of competence20
and that resuscitation might be performed unnecessarily or
hazardously."3' High drop out rates among volunteer instructors have also been encountered.'6 Some of these problems wvould be overcome by thorough traininlg and regular
refresher training, with particular emphasis on diagnosis.
Evaluation of mass training should also take account of
possible hidden benefits. For example, we have shown that
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in the serum,24 but less susceptible pneumococci may not be
eradicated despite lung tissue concentrations exceeding those
in serum.25
Even if permanently eradicating infection from patients
with advanced chronic suppurative lung-disease remains a
forlorn hope, better recognition ofthe behaviour ofantibiotics
in the respiratory tract should help in assessing new therapeutic regimens.
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