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Airing operating theatres
The prime importance of airborne infections is one of the
oldest medical beliefs; it is evidenced by terms such as the
Anglo-Saxon "elf shot," the still current "malaria," and the
all pervasive "miasma," which was banished less than a
century ago. These concepts were erroneously used to
describe the modes of spread of insect borne pestilences and
gastrointestinal infections notably typhoid and cholera. The
doctrine ofmiasmatic effiuvia is not, however, totally lost: its
last strongholds include-with some justification-operating
theatres.
The first rational attempt to disinfect the air around the

operation site was abandoned in 1887, when after 16 years'
use Lister realised that his carbolic acid spray was the least
important and most unpleasant part of his antiseptic system.
He and his followers then concentrated their efforts on the
main sources of "septic defilement"-the hands of the
operators, the skin incision, and the surgical materials and
instruments. The development of asepsis on a foundation of
antisepsis provided substantial protection against postopera-
tive wound infections. Today this protection continues to
depend largely on a battery of procedures and rituals which
have remained essentially unchanged for the past 80 years-
despite close scrutiny recently.' 2

Interest in airborne infection is, however, now increasing
again. This is partly because ofthe control ofother exogenous
sources but also because a very low dose of bacterial
inoculum is believed to be capable of initiating infection in
some current procedures, notably the insertion of prosthetic
implants. For example, in hip joint replacement the deposi-
tion in the open wound of as few as 10 airborne particles
carrying skin commensal bacteria oflow pathogenicity is said
to be associated with a rate of joint sepsis of 1% rising to over
5% when the dose exceeds 100 particles.3
This boldly quantitative conclusion was the outcome of a

randomised prospective study in 19 hospitals comparing the
effects of conventional ventilation and "ultraclean" air on
rates of joint sepsis after total replacement of the hip or knee
joint. The clinical results were impressively clear: operations
in ultraclean air with staff wearing conventional theatre
clothing were associated with roughly one half the sepsis rate
of those performed in theatres with standard "plenum"
ventilation, when 2-5% ofpatients developed joint infection.4
If body exhaust suits were worn to supplement the ultraclean
laminar air ventilation the sepsis rates fell by a further half to
less than 1%. The bacterial air counts observed in the three
sorts of environment ranged from -50 to over 500 "colony
forming units" or particles per cubic metre in conventional

ventilation, two to 20 in ultraclean air, and one or fewer when
the special suits were worn.3 An apparently irreducible joint
sepsis rate of around 0 5% is presumably due to the patient's
own residual skin bacteria at the operation site.
The heterogeneous array of ventilation systems used in

British operating theatres provides a living historical record
of the subject. Some older hospitals still rely on unmodified
natural ventilation, particularly in'outpatient theatres used
for minor urological or gynaecological procedures. Yet even
caesarean sections-entailing considerabletissue exposure-
are sometimes performed in such conditions. Airborne
particles carrying bacteria from outside the suite readily flow
into the theatre on thermal currents; indeed, this bacterial
contamination may be increased by the use of extractor fans
to remove heat and steam. Comfort is achieved by actively
drawing in vitiated air from the adjacent hospital corridor.
The controlled access of bacteria to-the operation site was

greatly ameliorated after the introduction of ventilation
systems based on the 1962 specifications of the Medical
Research Council.5 A small excess in the volume- of air-
filtered down to 5 lim particle size-is pumped into the
operating room to prevent the entry of suspended bacteria
into the theatre suite from other parts of the hospital. The
combination of this plenum air flow of between 20 and 40
changes an hour, the controlled architectural plan, and staff
circulation will maintain a gradient of bacterial air counts
from the lowest at the centre of the operating room to the
highest in the least critical areas, including the exit into the
outer access corridor.6 Despite the incorporation of humidi-
fication systems there has fortunately been no report -of
legionella infection acquired in the theatre. Awareness of this
hazard must, however, be maintained.7
An inherent defect ofthe plenum system is the unavoidable

air turbulence generated in the area of the operation. This is
due to a combination ofthe diffuse entry ofclean air from the
air conditioning system, the movements of theatre staff, and
convection driven by the hot operating lamps. This turbu-
lence distributes bacterial contaminants, most of which are
carried on microscopic skin scales derived mainly from the
staff, and readily reaching the air through conventional
operating gowns and trousers. This is an important infection
hazard only in specialised procedures such as implant
surgery-where laminar ventilation systems provide valuable
protection. The Charnley-Howorth "exponential" downflow
enclosure has been particularly satisfactory in this respect.3 8
It functions economically at 40 air changes an hour, with
filtration down to 1 pm particle size.

Additional economies may possibly be achieved without
jeopardising safety by simply switching off the main theatre
ventilation during quiet periods. This was the conclusion
from a recent detailed air study on plenum systems: all was
well provided they were switched on again one hour before
preparing for surgery and the areas surrounding the theatre
were continuously maintained at positive pressure to prevent
entry ofairborne contamination from the rest ofthe hospital.9
If these findings can be shown to apply under the very
rigorous conditions of laminar downflow systems the cost
savings should encourage the installation ofmany more. This
form of ventilation is a prime example of the high technology
which should be available in any hospital undertaking the
more demanding procedures ofmodern surgery.

SYNEriY SELWYN
Professor of Medical Microbiology,
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What price academic general
practice?
One of the most important changes I have seen in under-
graduate medical education has been the development of
teaching of general practice. Less than 30 years ago the
University ofEdinburgh created the first independent depart-
ment ofgeneral practice; today there are 24 such departments
in our undergraduate schools. The Mackenzie report on
academic general practice (an edited- version of which is
published on p 1567) shows how these departments vary
greatly in size and form. It looks at the strengths and
weaknesses of the various systems and makes recommenda-
tions that will inevitably need resources if they are to be
implemented. This thoughtful review deserves an equally
thoughtful response.

Students should be given the opportunity of seeing for
themselves how general practice works and what a general
practitioner does. This applies to all branches of medicine,
but the fact that half or more graduates now enter general
practice makes this exposure particularly important. Teach-
ing in general practice gives the student a chance to see those
minor but important disorders that do not reach the teaching
hospital and to realise that the episode that brings the patient
into hospital has a beginning and an end, both of which are
the responsibility ofthe general practitioner. One of the most
important qualities of a good general practitioner is the
ability to identify those patients who need referral to
hospital-for an outpatient opinion or urgent admission.
Students are unlikely to gain this insight through a few weeks
or even a few months ofattachment to a general practice, but
they should at least learn the importance of this initial sifting
process.
They might also learn something about the consequences

of being admitted to hospital-who cares for the elderly
spouse, safeguards the house and possessions, or feeds the
cat? The follow up of patients discharged from hospital is
equally important. What effect has the illness had on the
patient or the family? What changes should be advised in the
patient's way of life? At what point can the patient return to
work? These aspects of illness cannot easily be taught in
hospital because they depend so much on local domestic
factors and the personality of the patient.
Teaching within general practice is thus essential, but how

best to provide it? There can be no certain answer because (as
with almost all medical teaching) no study has satisfactorily
compared the impact of different educational systems on
student knowledge or attitudes. Nor, because of the dif-
ficulty of measuring outcome, are such studies ever likely to

take place. The approach has to be empirical, which provides
fertile ground for bias and preference for those with the most
powerful personalities-a not unfamiliar pattern within our
teaching establishments.
My own preferences (or prejudices) have crystallised over

the years. While I accept the usefulness of general practi-
tioners contributing to the introductory clinical course, I
believe that the bulk of this teaching should be carried out by
a department of medicine. In this phase students need to
spend as much time as possible at the bedside and with
individual patients. Only when they have gone repeatedly
through history taking and physical examination, preferably
spending hours with each patient and even more hours
reading and reflecting about their findings, should they
be exposed to the short cuts that we all learn to take.
The "physicianly approach" is best suited for their intro-
ductory needs, and I doubt if general practice can meet this
requirement.

I agree with the Mackenzie report's advocacy ofone to one
teaching. Clinical medicine is best learnt through apprentice-
ship, and general practice offers an ideal opportunity for this.
I am less happy with the report's proposal that all patient
presentations should be planned in advance. This selectivity
would introduce artificiality, and students are likely to learn
more, I believe, with fewer set piece presentations and more
exposure to "real life." I confess, too, that I have come to
regard examinations as unreliable and unnecessary-except
for the cynical, if pragmatic, device of failing a few students
pour encourager les autres. Single student attachments to a
practice should permit assessments to be made of their
ability, attitudes, and knowledge, and I would like to see the
examining process end there. General practice should not
follow the rest of medicine in its belief that you have to
examine students ifyou want their attendance and attention .

I was disappointed that the report did not give more
consideration to mulpidisciplinary exposure during the three
years of vocational training. There is no branch of medicine
that fails to provide educationally valuable experience, and I
strongly support the Short report's recommendation for
widening the range of training during the early postgraduate
phase.
The emphasis given by the report to clinical-and opera-

tional research was pleasing. The opportunities for both are
immense, but a one year training in research will not be
sufficient. This may be enough for those who wish to dabble
in research, but there should-be-a small cadre of "profession-
ally" trained research workers capable of exploiting fully the
opportunities offered in practice and they will need at least
three years' training. A three year clinical research training,
like those supported by the Medical Research Council,'could
be offered to general practitioners as well as hospital
researchers.
The report is disappointingly silent on preventive medi-

cine. Prevention requires changes in attitudes and living
habits, and, although this was not the brief of the report, an
emphatic statement ofthe crucial role ofgeneral practitioners
in prevention might have helped to attract more sympathy
for their needs-and, perhaps, more money.
The final section of the report deals with finance, and this,

I am afraid, is where many of its proposals sink. Universities
and hospitals are under great pressure, and a shift of
resources is improbable; nor, I suspect, is there much chance
of "new money" being found. Yet additional funding for
general practice is needed. The subj-ect is now established as a
university discipline, its teachers form a valued part of the
undergraduate faculty, and most of the research carred out
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