
should be reported to the police, without the patient's
consent if necessary, if injury is very serious or if failure
to disclose appropriate information would expose the
patient or someone else to a risk of serious harm.
Although any attempt to reduce the often tragic
consequences of violent crime is laudable, the steps he
proposes strike at the very heart of the right of the
individual patient to self determination.

It is also stated that victims of violence might be
dissuaded from seeking medical help. Whether the
victims are "on the edge ofthe law" or not his proposals
might well result in them being reluctant to seek
medical help-with the inevitable consequences of
undiagnosed fractures, poor healing of unsutured
wounds, and the even more serious results of untreated
trauma-once it became known that attending an
accident and emergency department was likely to lead
to police involvement.
Most people would agree that the police should be

involved in the case of stranger danger, particularly if
others are at risk, and consent from the patient is much
more likely to be forthcoming in such circumstances.
In the case of domestic violence, when others are rarely
at risk, the right of the patient to confidentiality is
paramount. In this case the patient may wish to have a
continuing relationship with the assailant despite the

risk offurther violence-and that is the patient's right.
Professor Shepherd draws a similarity between a

possible legal and ethical framework for the reporting
of assaults on adults and the work of area child
projection committees. There is, however, no
similarity since the work of these committees is to
protect those who are unable to protect themselves
rather than those who are competent to determine their
own destiny.
The challenge to confidentiality is further com-

pounded by the suggestion of networking computers in
accident and emergency departments. Anderson has
pointed very strongly to the dangers of networking in
health care without adequate safeguards.' Concerns
about declining levels of confidentiality were expressed
in several motions put to the annual representative
meeting ofthe BMA at Harrogate in July.

It must be right to encourage patients to report
injury, but many would take the view that to extend
this principle to a point where doctors should be
influential advocates for victims implies a degree of
medical paternalism which would be unacceptable to
most doctors.

1 Anderson R. NHS-wide networking and patient confidentiality. BMJ 1995;
311:5-6.
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Clinical trials and rare diseases: a way out ofa conundrum

Richard J Lilford, JG Thornton, D Braunholtz

Currently, clinical trials tend to be individually
funded and applicants must include a power
calculation in their grant request. However, con-
ventional levels ofstatistical precision are unlikely to
be obtainable prospectively if the trial is required to
evaluate treatment ofa rare disease. This means that
clinicians treating such diseases remain in ignorance
and must form their judgments solely on the basis of
(potentially biased) observational studies, experi-
ence, and anecdote. Since some unbiased evidence
is clearly better than none, this state ofaffairs should
not continue. However, conventional (frequentist)
confidence limits are unlikely to exclude a null result,
even when treatments differ substantially. Bayesian
methods utilise all available data to calculate
probabilities that may be extrapolated directly to
clinical practice. Funding bodies should therefore
fund a repertoire ofsmall trials, which need have no
predetermined end, alongside standard larger
studies.

Introduction: the problem
Randomised clinical trials have become the standard

method to assess clinical effectiveness when benefits
are modest but worth while. They are more reliable
than other methods' and have solved some clinical
questions conclusively-for example, the effectiveness
of adjuvant treatment in early breast cancer. Clinical
questions are most easily answered when a disease is
fairly common and the outcome of interest has a high
risk of occurring. It is not surprising that randomised
controlled trials have provided fairly conclusive results
about the treatment of such conditions as acute
myocardial infarction and the common cancers and
that these results have formed the basis of clinical
guidelines and audit standards. When diseases are rare
and benefits modest, however, clinical trials, as
currently conceived, have little to contribute. This

is because they cannot be expected to provide a
"definitive" answer-that is, they cannot be expected
to detect or exclude clinically worthwhile differences
between treatments with standard levels of statistical
confidence. Hence they are not funded by grant giving
bodies.

In this article we argue that randomised trials can be
expected to provide useful information, even when
a definitive answer is unlikely in prospect. Standard
(so called frequentist) statistical techniques are
not, however, suitable in these circumstances, but
bayesian methods provide a much clearer guide to
action.

An example ofthe problem
The evaluation of treatments applicable to con-

genitally abnormal fetuses (fetal surgery) is an
example. The conditions for which this surgery may be
contemplated are, individually, rare. For example,
fetal hydrothorax, suitable for drainage, has an
incidence of 1 in 10000 pregnancies. Current clinical
trials are usually designed to give a chance of a false
positive answer (P value) of 5%. Provided that the trial
is designed to detect a clinical effect that would justify
its use in practice, the chance of a false negative result
in a trial (the beta or type two error) should also,
logically, be 5%.2 Six hundred participants would be
needed in each arm of a trial to show that intervention
could reduce mortality from 40% to, say, 30%. Access
to 12 000 000 pregnancies would be required to recruit
sufficient participants, assuming 100% compliance.
Clearly, a grant request designed to look at this
problem is likely to fail: there have indeed been no
randomised studies of fetal surgery.
The same problem applies to many other rare

diseases. Clinicians are forced to rely on observational
studies, anecdotal information, (limited) clinical
experience, and perception of biological plausibility.
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When a disease is uniformly and rapidly fatal such non-
randomised case series may prove extremely valuable
-for example, the use of penicillin to treat meningo-
coccal meningitis. Most rare diseases, however, have a
variable prognosis, and bias in allocating treatment in
observational studies might be large in relation to the
effects oftreatment.

Current practice
Studies of rare diseases will remain vulnerable to this

bias unless randomised trials are thought of in a
different way. Currently, they are highly stylised.
Clinicians formulate a clinical question-preferably
one that applies to a well circumscribed group of
patients. They then decide on a worthwhile clinical
effect-the size of effect that would make one treat-
ment worth while (allowing for other desirable or
undesirable facets of treatment)-either by seeking
subjective opinion or by means of decision analysis.'
The necessary sample size is then calculated on
the basis of this worthwhile clinical effect and the
acceptable risk for a false negative or false positive
result.

In the case of rare diseases clinical scientists are
likely to find that a trial of sufficient size to provide a
definitive answer is virtually impossible because of the
difficulty of recruiting sufficient patients (fig 1). A
study of sufficient size would need to recruit from very
large areas over long periods. Such studies are
expensive and difficult to organise. If different doctors
have different areas of clinical uncertainty then the
problem will be compounded because power will be
lower still in the various prognostic subgroups. For
example, it may be deemed necessary in the case of
fetal hydrothorax to analyse results separately accord-
ing to whether the hydrothorax is unilateral or bilateral
or whether fetal ascites is present. The factor limiting
obtaining unbiased evidence for treatment of rare
diseases is the concept that trials should provide a
definitive answer as defined above. Since clinically
useful effects are unlikely to be seen at the standard
level of statistical precision, clinicians are locked out:
they remain in complete ignorance (or at least having to
rely on evidence that is subject to treatment allocation
bias).

Confronting the problem: bayesian methods
We suggest an alternative: carry out trials of treat-

ments for rare diseases, even though a definitive
answer is unlikely to result in practice. The idea is
simply to change the level of certainty.
But how should the results be analysed, given that

conventional (frequentist) confidence limits are
unlikely to exclude a null result, even when treatments

Common disease Plausible: Grant funded,
common outcome answer provided

Two competing -) Decide on worthwhile - Measure relative -+ Answer
treatments treatment effect - for effect to required
No preference example. A lowers precision with
(effective equipoise) mortality by 20% required power

compared with B

Rare disease, Implausible:grant rejected
uncommon outcome (equipoise remains)

Fig 1-Current conception of clinical trials. Doctors who
treat rare diseases are locked out. Instead of improving
their knowledge through an imprecise but unbiased
estimate they gain no knowledge-the ideal is the enemy
ofthe desirable

differ substantially? We suggest that the bayesian
perspective is particularly useful in such circum-
stances." The bayesian approach can give prob-
abilities that the clinical effect lies in a particular range
(and also the size of the most likely effect). This is
in stark contrast to the often misinterpreted P value
produced by the usual (frequentist) approach. The
frequentist P value is the probability of the observ-
ations (or something more extreme) occurring were the
null hypothesis true-a difficult concept to grasp and
one that does not provide what is wanted. The bayesian
approach, by contrast, provides probabilities of treat-
ment effects that apply directly to the next patient who
is similar to those treated in any completed or ongoing
trial. Put another way, the bayesian approach provides
probabilities that can be used in formal decision
analysis, or extrapolated to clinical practice. Thus, the
conclusion of the bayesian trial might be that the
probabilities that the drainage of fetal hydrothorax
reduces mortality by at least 500/o, by 25%, or not at all
are 0'2, 0 5, and 0-2 respectively.
These probabilities are calculated on the basis of the

observed data and a prior distribution of probabilities.
In this case the prior distribution usually represents the
expectations of clinicians (or a clinician) before the
trial. The purpose of the trial is to alter that belief
according to the strength of the evidence. A null
hypothesis would suggest a prior distribution of
probabilities based on no effect-that is, the most
likely effect perceived before observation of the data is
no difference. The further a hypothesised result
deviates from this the less likely it is to happen. A
typical prior expectation would be that the probability
of relative risks differing by more than twofold is
extremely unlikely-having a probability of 0-025
(2-5%) in each direction. The crucial point is that the
bigger the trial the greater the relative effect of data on
the prior distribution and the less will be the difference
between conventional confidence limits and the
equivalent bayesian interval. The particular strength
of the bayesian approach is that it produces a
probability distribution which may guide clinical
action even when a "definitive" answer is not avail-
able-the expected result of clinical trials of rare
diseases.
Because the bayesian approach attempts simply to

enumerate the probabilities of effects of different sizes,
the trial can be analysed as data accumulate-a so
called open trial.5 79 The traditional (so called
frequentist) method, by contrast, is based on hypo-
thesis testing, and the probability of getting a false
positive answer is affected by how often the data are
tested statistically. This is a further argument for the
bayesian approach for trials of treatment for rare
diseases, since such studies are unlikely ever to be
complete and the rate of recruitment is difficult to
predict in advance.
Of course, small trials will sometimes mislead.

Thus, in the example given above, a small trial may
suggest that there is a probability of 0-5 (50%) that
draining a fetal hydrothorax reduces mortality by 25%
or more. However, the distribution of probabilities
might be such that there is, say, a probability of 0-2
that this intervention does not reduce the risk of death
or increases it. Clearly, there is a substantial risk of
getting the wrong answer. If, however, we had an
equipoised prior expectation-rthat is, we thought it
equally likely at the start of the trial that the inter-
vention (or non-intervention) would improve or
diminish the chances of the desired outcome-then we
have achieved something. Instead of an equal chance of
benefit and harm, we now have an 80% chance of
benefit and a 20% chance of harm. Clinicians are
familiar with the need to make decisions under
uncertainty and recommend the treatment which
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seems to have the best chance of maximising benefit
(expected utility).
The alternative is to eschew clinical trials for rare

diseases, and thereby to remain in ignorance and
subject to bias. The point is that clinicians must make
management decisions and clinical science should aim
to provide the best possible information. The
individual rare diseases are, by definition, not a big
public health problem. There are, however, many rare
diseases, so that, taken together, they represent a
substantial health burden. Small trials might mislead
us on, say, 20% of topics, but they would then suggest
the correct treatment on the remaining 80%. Assuming
that in each case clinicians were in justifiable collective
equipoise'0 before the trial began-that is, they were
split 50:50-then if clinicians follow trial recom-
mendations 20% ofpeople overall would get the wrong
treatment if such trials were done compared with 50%
ifthey were not done.

Ethics and bayesian trials
The bayesian approach is ethically sound; it makes

prior belief explicit. Trials are ethical when prior belief
is in equipoise's"-1that is, randomisation occurs only
when the doctor or doctor and patient expect utility to
be the same with each treatment."-'4 Although
randomisation will reduce the chance of treatment
allocation bias, different doctors and doctor and
patient pairs will be in equipoise at different levels of
basic risk.'5 Therefore, in the analysis it may be
desirable to stratify for risk. This was done in the
Medical Research Council's cervical cerclage trial.'6
The entry criterion was clinical uncertainty, but the
prognostic features producing such uncertainty varied
considerably from clinician to clinician. Stratified
analysis, however, showed that this treatment was
effective for certain women-namely, those who had
suffered two previous mid-trimester miscarriages. We
suggest that the same principle of equipoise and a
stratified analysis should apply to rare disease but that
the trial should be analysed along bayesian lines, since
this would allow the results to be scrutinised whenever
deemed appropriate and it would not be essential to
provide convincing evidence of likely recruitment to
gain funding.

How the approach may work in practice
To illustrate this approach, consider a category of

patient with fairly advanced (say, stage 3) primary
biliary cirrhosis for whom a new drug (perhaps
a biological modifier) is proposed as an alternative
to conventional ursodeoxycholic treatment. The
prevalence is so low that improvement in death and
transplantation rates "cannot be subject to controlled
trials."'7

This conclusion comes from thinking of trials as a
black box to be used only when the chances are high
that a clinically worthwhile effect can be seen at classic
levels of statistical significance. Let us say that five year
mortality among patients with this stage of primary
ciliary cirrhosis is 30% with current treatment.
Standard (frequentist) power calculations suggest a
study size of 320 in each arm to show even a large (10
percentage points) improvement in mortality from
30% to 20%. Let us imagine that a bayesian trial is
started using an open access (see below) trials facility.
Suppose further that after five years 50 patients have
been randomly allocated to each treatment and that 15
patients given conventional treatment and 10 given the
new treatment have died-that is, an improvement of
10 percentage points as proposed in the above power
calculation. However, the 95% confidence interval for
the true difference ranges from a 7 percentage point
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Fig 2-Fifty patients have been randomly allocated two
treatments. At the end of five years 15 of those allocated
conventional treatment (treatmentX) and 10 allocatednew
treatment (treatment Y) have died. This is a 10 percentage
point difference in mortality, but the 95% confidence limits
are wide, -7 percentage points to 27 percentage points.
The results are clearly not significant (P=0.25). However,
clinicians need to know which treatment effect has the
greatest probability of occurring when they treat the next
apparently similar patient and how the lesser probabilities
are distributed around this greatest probability. From a
bayesian viewpoint, the distribution shown is the posterior
belief in the value of the true difference in mortality that
arises from the data and a completely uninformative prior
belief. Such a prior belief means that not only is the
observer in equipoise but all sizes of treatment effect
(difference in mortality) are regarded as equally likely-
that is, a difference in mortality of 40 percentage points is
regarded as likelyas a 20 percentage point difference or no
difference at all. This is clearly completely implausible in
a clinical context. Nevertheless, it does represent the
information arising just from the data. In this case the
probability that the new treatment is preferable is 0.88

increase to a 27 percentage point decrease in mortality
(fig 2). The result is not significant, and a traditionalist
(frequentist) would say that the new treatment was still
unproved and that it may even be wrong to use this
expensive and possibly harmful medicine until further
studies had been carried out. However, the bayesian
would ask: "how have these data impacted on my prior
belief?" Such prior belief would be based on biological
plausibility, the results of other (perhaps open)
studies, and clinical experience.

Figure 3 shows the effect of the above data on an
observer who previously considered a decrease and
increase in mortality to be equally likely (in equipoise)
and that a result more extreme than a 20 percentage

4 X is preferable Point of Y is preferable -
equivalence

4 Posterior distribution from
clinical prior belief and data

Equiose clil' (by Bayes's theorem)

. Equiposed clinical / \ '
prior belief\& L,P'i°DX,,~~~~*

.0o

.40 -30 -20 -10 0 10 20 30 40 50
True difference in mortality (percentage points)

Fig 3-This clinician has a prior belief that is in equipoise
and reflects a belief that large effects (a difference in
mortalityofmore than 20 percentage points) eitherwayare
unlikely. The posterior distribution is shifted towards the
right, so that the posterior belief that the new treatment is
preferable (orat leastmore likely to lowermortality) is 0-75
and the probability with the greatest chance ofoccurring is
in an improvement of3.3 percentage points
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Fig 4-This clinician is sceptical about the chances of
the new treatment being better than the conventional
treatment but is otherwise vague about where the true
difference lies. The prior belief that Y is better is just 0.12.
The posterior distribution is in equipoise, given that side
effects, short term benefits, and costs are similar for both
treatments
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Fig 5-This clinician is enthusiastic about the chances of
the new treatment being better than the old but is other-
wise vague about where the true difference lies. The prior
belief is that the most likely effect ofthe new treatment is a
15 percentage point reduction in mortality compared
with the old treatment and that the probability that Y, the
new treatment, is better than the old in reducing mortality
is 0.96 (96%). The posterior distribution is centred on 12.5
percentage points. The probability of the new treatment
being better has improved to 0-98 (98%), but the prob-
ability of a huge advantage (25 percentage points) has
shrunk from 0-12 to just 0-02

point improvement or worsening in mortality was

implausible. Calculation based on Bayes's theorem
now shows that the most likely treatment effect is a 3-3
percentage point improvement in mortality, and there
is a probability of 075 that the new treatment is better
as far as mortality is concerned. In addition, both a

reduction in mortality of more than 15 percentage
points and an increase in mortality of more than 8-5
percentage points are highly unlikely (1% chance
each).
The clinician in figure 4, however, was sceptical

about the chances of the new treatment being better
than no treatment and is rather vague about where the
true difference lies. This clinician would find very large
increases or smaller decreases in mortality plausible.
Calculation of the posterior probabilities in the light of
the data produced in the trial, now means that this
clinician is in equipoise. Such a clinician, if previously
unwilling to offer randomised treatment to patients,
could now do so against personal equipoise.

Figure 5 shows an enthusiastic clinician who thinks
that the new treatment is likely to improve mortality
but is otherwise vague about where the true difference
lies. The posterior probabilities, which take account of
the data, are centred on a 12-5 percentage point

reduction in mortality. The probability that the new
treatment improves mortality is 098. Such a clinician
may have been (and would remain) unwilling to offer
randomised treatment to patients unless such improve-
ments in mortality were necessary to justify side effects
or costs, or both.'8 The clinician's overenthusiasm has
also been curbed: the clinician's prior probability of
0-12 that the new treatment produces a huge 25
percentage point reduction in mortality is reduced to
just 0-02 in the light ofthe data.

Making use ofall knowledge
The results of non-randomised studies should not be

discarded-rather they should be incorporated into
prior beliefs with due caution (scepticism). Further-
more, randomised controlled trials of treatments for
rare diseases have the potential to produce relatively
precise information on surrogate outcomes; and the
effect of this information on clinical opinion can be
incorporated in bayesian calculations as shown in
figure 6. Clinical trials capable of measuring improve-
ments in mortality at classic significance levels are
difficult to mount. Eleven small trials ofUDCAOO have
been done for primary ciliary cirrhosis, but only four
mention time to transplantation or survival.'9 They do,
however, show that results in liver function tests are
improved by this treatment in comparison with
placebo or colchicine. (Fewer patients are required to
show a significant change in a continuous variable,
such as alkaline phosphatase concentrations, than in a
rate, such as death rate.) Although an improvement in
mortality cannot necessarily be inferred from improve-
ment in such surrogate outcomes, such results would
increase our confidence that death rates are indeed
improved. Thus similar data on liver function tests of
survivors in this hypothetical trial would increase
the likelihood of an improvement in mortality and
clinicians might wish to amend their prior expectations
accordingly. This might move an initially equipoised
prior belief in the direction of benefit (fig 6). The
randomised results on improved mortality can then be
combined formally with the amended prior beliefs to
calculate the probabilities of different sizes of treat-
ment effect. This shows that the greatest probability is
a 7-3 percentage point reduction in mortality, and the
probability of the new treatment being superior is 090.
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Fig 6-Interaction between prior beliefs, surrogate ou-
tcomes, and mortality data from a bayesian viewpoint. An
example based on the medical treatment ofprimary biliary
cirrhosis. The clinical prior belief in equipoise is first
amended on the basis of liver function results in an ad hoc
way so that the probability of the new treatment (Y) being
preferable is 0.74. Mortality results in figure 2 show fewer
deaths at five years in treatment group, but results are not
significant at conventional level (P=0.25). These data
combined with the amended prior belief produce the
posterior distribution shown; and the probability of the
new treatment being preferable is 0.90
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Of course, all randomised controlled trials can by
chance produce an incorrect result-that the treatment
which is really worse is better-and this is much more
likely in small trials. Nevertheless, a decision taken on
the basis of a posterior belief that includes evidence
from a randomised controlled trial, however small, is
more likely to be correct than a decision based simply
on a prior belief with no evidence from such a trial. Any
randomised evidence is better than none.

Implications for science policy
The concept of randomisation when the beliefs of

clinicians treating rare diseases are in equipoise has
implications for science policy. Rather than fund
individual trials, funding bodies should fund the
capacity to undertake rolling trials on a continuous
basis-this would include a trials office that deals with
a wide range of issues, is knowledgeable, has facilities
for 24 hour randomisation, and can follow up patients
over time. Such facilities would allow responsible
investigators to offer randomised treatment to the first
patient treated by a new method or to randomise when
the treatment in question might be completely
supplanted at some time in the future. This would be a
substantial change in how research commissioners
think about trials, and we suggest that it may
complement, but not supplant, the existing methods,
which should remain the standard for common
diseases.

Ethics committees sometimes include scientific
review and reject randomised controlled trials of
treatments showing worthwhile effects that have little
chance of producing a result at classic levels of
significance. If thereby they encourage a larger trial,
then some good has been done. However, if the disease
is rare and no patients are randomly allocated treat-
ment (instead of a small number) science, and people
who suffer from rare diseases, have been badly served.

If this effect is unwittingly replicated over the world,
then trials which could contribute to a structured
review and meta-analysis will be thwarted, thereby
compounding the error. When diseases are rare, or
potentially supplantable in the short term, then some
unbiased information is better than none. This
philosophy might result in replication of the trial
elsewhere, thereby providing an unexpected scientific
bonus.

We thank Dr David Spiegelhalter for his advice and
inspiration.
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A patient's view: endoscopy

Unpleasant but not painful, said my general practitioner.
"They knock you out," said a general practitioner pal.
I was deeply apprehensive of this examination. The
endoscopy was done in a central London hospital because
it is my university vacation and my doctor in Wales, now a
budget holder, arranged for the examination. It is a credit
to a national health scheme that the whole operation was
carried out with such smooth efficiency. I received a clear
leaflet, written in a tone of becalming reassurance, setting
out the procedures for the investigation. It pointed out
that there were slight variations, and I thought that a nice
and intelligent touch. The leaflet, which was beginning to
assume the position of a sacred text in my mind, said that
some patients never even remember the test.

That, of course, assumed sedation. But the nurses
preferred me not to have it and were marvellously
persuasive. I was not clear whether this was to make the
operation easier for them (they could communicate with
the wholly conscious), whether it made post-examination
less stressful, or whether it just speeded up the process and
thus made for a greater throughput of patients. It was
probably all three.

I am wheeled in, flat on my back, backwards, so I see
nothing ofwhat is to come. Ahead ofme a ward assistant is
washing some sort of black octopus-like cabling in a sink.
He does this, I observe, with a certain theatrical panache.
I sign the consent form. The nurse sprays my mouth with
unpleasant tasting anaesthetic. The consultant introduces
himself. It turns out ( a million to one chance) that we have
a mutual friend. As I contemplate this coincidence, I am
slowly turned on my side, my finger clipped for a pulse

reading. A consultant's exploratory finger is inserted in
my throat. Predictably, I gag. "Has he been sprayed," he
asks. "Yes," reply the nurses. "Well, give him some more.
Hold your tongue back, swish it around your mouth." At
this point I decide to close my eyes. I do not want to see the
tube. I have no sense of when the probe goes in or where it
has got to. The rest is a sort of blur. I lose track of time.
There is a period in the middle of the examination or is it
towards the end when I find it difficult to breathe and feel
that I am drowning. I open my eyes and see my peg-
clipped finger clutching the bed rail, then flailing around.
Has he found something that is causing trouble? Nurses
are talking to me all the time; they keep calling my name
and giving me instructions. It seems as if they are
shouting-am I getting lost somewhere? Breathe deeply,
deeply, then when that is too rapid they tell me to slow
down. I retch a couple of times.
And then as I am trying to get my breathing correct it is

all over. The leaflet was right about the end: the exit is
painless. Then those words which mean so much, like
water in a desert, "It's all over now. That's fine, I shall
write to your GP," says the consultant. I am wheeled out
to recover. In 40 minutes I can have a cup of tea because
the gag reflex, which has been numbed, will now allow me
to swallow. I lie on the bed, propped up, staring abstractly
into space, my body flooded with relief, smiling, my eyes
watery.
The tea tastes wonderful. As I walk into the sunshine I

feel like some hero who has lived to tell the tale, relief and
euphoria curiously mixed.-ALLEN SAMUELS is a lecturer in
English in Wales
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