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FIG 2 -Cost of the annual
retention fee of the General
Medical Council

more problems than it solves. A solution may therefore lie not
in actively seeking coverage on the basis of professional public
relations advice, but in being more flexibly responsive to
situations where the GMC can usefully do so.

The working party on the GMC in the 1990s opted
for a compromise and recommended that "a member of
staff should be trained to handle press and public
relations matters on behalf of the council." The council
has, however, decided to appoint a full time press and
public relations officer and the post has been advertised.
But what may be needed more than a person to do the
job is a change of attitude.

Workload, accommodation, and finance
The GMC has about 140 staff, who are housed on

five sites and overworked. The registrar envisages that
the workload will increase and that there will have to be
more staff; he also wants the council to be housed on
one site. These pressures (together with inflation) will
inevitably mean that the annual retention fee will have
to increase eventually. Figure 2 shows how it has
increased from £2 since it was first introduced in 1970
to £30 now. One way to reduce the costs of the council
and gather most of the staff on to one site would be to
move the council to a part of the country where
accommodation is cheap. This might have the advan-
tage of making it easier to recruit secretaries and
clerical staff. Even so, some accommodation would
almost certainly need to be kept in London for
meetings.

Conclusion
The GMC is too large: its staff are overloaded, its

powers too concentrated, and its communications
poor. The council's many internal problems often
seem to occupy members of the council and staff more
than the pressing problems of improving education
and competence and being seen to serve the public
interest. In many ways it seems like an old fashioned
body that resents the modern world.

A great many people have helped in preparing this series of
articles, and I am grateful to all of them. They include Dr
Anthony Allibone, Ms Beverly Beech, Ms Heather Brown,
Ms Helen Burke, Dr Colin Coles, Ms Wendy Cogger, Dr
Philip Connell, Dr David Gullick, Professor Ian Kennedy,
Professor Rudolf Klein, Sir Robert Kilpatrick, Dr Michael
O'Donnell, Ms Jean Robertson, Mr Nigel Spearing, Pro-
fessor Margaret Stacey, Ms Carol Stone, Mr Peter Towers, Sir
John Walton, and Mr Richard Wakeford. I am also grateful to
Dr Trish Groves for help with collecting data.

This is the final article in this series. Next week we will
publish a response from Sir Robert Kilpatrick, president of
the GMC.
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Controlled oxygen delivery is an established treatment
for severely hypoxic chronic obstructive airways
disease'3 and is important for the relief of cor
pulmonale.34 Nasal spectacles or prongs provide a
comfortable and convenient way of giving oxygen
supplementation.5 In patients with an acute decom-
pensation of chronic ventilatory failure and carbon
dioxide retention, however, low rates of flow of nasal
oxygen can deliver excessively high inspired oxygen
concentrations, which progressively rise as ventilation
falls.6 We present a case in which an oxygen flow rate of
1 1/min through standard nasal prongs delivered a
fractional inspired oxygen concentration of about 40%,
provoking severe carbon dioxide retention that resolved
when oxygen was given through a Venturi mask. We
also report results of a telephone survey of a small
sample of junior hospital doctors, who are largely
responsible for prescribing oxygen treatment.

Case report
A 67 year old woman was admitted feeling drowsy

and confused. She suffered from severe chronic
obstructive airways disease with chronic hyper-
capnia (forced expiratory volume in one second 0 3
litres, vital capacity 0 6 litres, usual arterial carbon
dioxide tension 7 0 kPa). She had been treated at home
with long term supplemental oxygen (2 1/min flow)
through nasal prongs (disposable nasal oxygen cannula,
Hudson). Her other treatment comprised a combination

of frusemide 40 mg and amiloride 5 mg twice daily and
salbutamol powder 200 [tg four times daily.
On admission her temperature was normal and she

had notable asterixis. A chest radiograph showed
overinflated, emphysematous, clear lung fields. We
isolated Branhamella catarrhalis from Gram stained
cultures of sputum, which was treated with erythro-
mycin stearate for five days. Bronchodilators were
given by nebuliser. On admission analysis of arterial
blood gases when she was receiving oxygen (2 I/min)
through nasal prongs showed an excessive arterial
oxygen tension of 17 0 kPa and an arterial carbon
dioxide tension of 11-5 kPa (table I). We reduced the
oxygen flow rate to 1 l/min and gave chest physiotherapy.
Three hours later the arterial oxygen tension had risen
further to 19 2 kPa. The patient's clinical state
remained poor with depressed consciousness and
asterixis due to carbon dioxide retention. Oxygen
treatment was stopped for 15 minutes, and the arterial
oxygen tension dropped to 3 9 kPa with a fall in arterial
carbon dioxide and some arousal. An accurate 28%
fractional inspired oxygen concentration was given by
Venturi mask (Accurox mask, Bard) and no other
treatment changed. She became fully oriented (arterial
oxygen tension 7 7 kPa, arterial carbon dioxide tension
6-7 kPa).
Ten days later we carried out a trial of nasal prongs.

After two hours of supplemental oxygen at 2 1/min her
arterial oxygen tension was 15 1 kPa (table I). When
she was breathing normal air the oxygen flow rate was
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TABLE I-Arterial blood gas tensions in woman with chronic obstructive airways disease throughout
admission to hospital

Arterial blood gas tension (kPa)

Oxygen delivery system Oxygen Carbon dioxide Blood pH

Nasal oxygen 2 /min (on admission) 17 51 11 50 7-32
Nasaloxygen1lJmin 19 16 10 11 7-39
Room air 3 91 7 03 7 44
28% Inspired oxygen by Venturi mask (two days after admission) 8-79 6-10 7 40
Nasal oxygen 2 1/mm during trial period (10 days after admission) 15-10 6-90 7 41

TABLE II-Results oftelephone survey of 15 junior hospital physicians

Survey question Reply

When treating patients with an acute exacerbation of chronic bronchitis do you use Always 8
oxygen? Sometimes 7

Never 0

In this clinical situation is a controlled dose oxygen mask or nasal prongs better or safer, Mask8
or is there no difference? Prongs 2

No difference 5

If, because of severe illness, confusion, or respiratory failure, your patient repeatedly Persist with mask 7
removes the oxygen mask what do you do? Change to prongs 8

Other 0
In ventilatory failure prongs can deliver a progressively rising inspired oxygen Yes I

concentration at low flow rates.* Were you aware of this danger? No 14

*Fully explained before question was asked.

checked by timed collection over water and was within
15% of that predicted. The long term use of nasal
prongs was stopped to avoid giving excessive oxygen
during future episodes of infection. Oxygen treatment
by mask was adopted, and she remained well at follow
up one month later.

Telephone survey
During one week we contacted by telephone 15

junior hospital doctors (nine house officers and six
senior house officers) practising acute adult medicine
in a teaching hospital. These grades of staff were
chosen as they are largely responsible for regulating
oxygen treatment during acute admissions. Each
answered a questionnaire including four questions
about the use of supplemental oxygen in exacerbations
of chronic bronchitis (table II). We explained the effect
discussed in the fourth question before we asked the
question.

Discussion
During acute exacerbations of airways obstruction

with carbon dioxide retention oxygen delivery must be
particularly strictly controlled.7 Prongs can be less
suitable as they deliver an inspired oxygen concentra-
tion that varies and is not necessarily in a low dose.
Furthermore, the less a patient breathes the less air will
be inspired to dilute the intranasal supplemental
oxygen. Thus the lower a patient's minute ventilation
the higher the fractional inspired oxygen concentration
delivered at any given flow rate.6 This effect results in a
potentially lethal positive feedback loop. A patient
whose condition is deteriorating is given excessive
oxygen, which reduces hypoxic ventilatory drive.8 The
hypoventilation produced automatically raises the
inspired oxygen concentration further.

In our case (assuming that the partial pressures of
alveolar and arterial oxygen are effectively equal and
the alveolar-arterial oxygen tension difference remains
constant for different inspired oxygen concentrations)
we can calculate from a simplified form of the alveolar

gas equation that an oxygen flow rate of 1 1/min
delivered an inspired oxygen concentration of about
40% (see appendix). This raised the arterial oxygen
tension to 15 kPa above that when the patient was
breathing room air, removing all hypoxic ventilatory
drive.

Caring for patients with exacerbations of chronic
airflow obstruction is routine for people concerned
with emergency admissions. It is therefore disturbing
that our survey showed that seven out of 15 hospital
doctors responsible for admitting patients considered
nasal prongs to be as good as or better than Venturi
masks. Furthermore, eight used nasal oxygen in
severely ill patients, in whom the use of masks is
difficult and the risk from excessive oxygen is greatest.
The simplicity and low cost of long term use of

nasal prongs in stable airflow obstruction and venti-
latory failure has recently been reaffirmed by the
European Society of Pneumology.9 During episodes of
acute ventilatory deterioration, however, when precise
regulation of the inspired oxygen is critical nasal
prongs may deliver an unexpectedly high oxygen
concentration (a factor not considered by the society).
In those instances Venturi masks are a considerably
safer method of delivery but if (for reasons of patient
compliance) spectacles or prongs are used then doctors
prescribing the treatment need to be aware of the
hazards, and careful monitoring of blood gas values is
essential.

Appendix
When the patient was breathing air:
Pressure of alveolar oxygen
=pressure of inspired oxygen (corrected for water saturation)
-(pressure of alveolar carbon dioxide/respiratory quotient)

7=19- =1OkPa
0.8

Thus alveolar-arterial difference=pressure of alveolar
oxygen- pressure of arterial oxygen

= 10-4=6 kPa
When the patient was breathing oxygen 1 I/min:
Pressure of alveolar oxygen=measured pressure of arterial
oxygen+calculated alveolar-arterial difference

= 19+6=25 kPa
Thus pressure of inspired oxygen

pressure of alveolar carbon dioxide
respiratory quotient

=25+-0 =38 kPa (about 40%)
0.8
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