
2 Limitations of use

John A Lewis

The idea of a controlled clinical trial in a single subject
is instantly seductive because it seems to avoid one of
the biggest problems of clinical research-namely,
finding enough suitable patients for study. Further, it
hints that the widespread exhortations of medical
statisticians for ever larger clinical trials' may, to some
extent at least, be misguided. However, the idea also
rings immediate alarm bells. If the use of crossover
trials to reduce patient numbers has resulted in so
much methodological debate2 how can such an extreme
form of this design be credible?

In common with other crossover designs n of 1 trials
are advocated only for clinical conditions that are
chronic and reversible with repeated episodes ofsimilar
severity. They will be most valuable in studying
treatments that can be fully blinded and that have a
prompt onset and cessation of action without tachy-
phylaxis in repeated use. The statistical design used to
allocate treatments is unlikely to be contentious
provided it includes an appropriate element of
randomisation and ensures that the distribution of
test and placebo treatments is reasonably balanced
throughout the treatment periods. Reliable methods of
statistical analysis are available, based on randomisation
tests and tailored to the restrictions of the specific
design. Under certain conditions these can even be
approximated by the t test and other similar parametric
procedures. Confidence intervals can also be produced
for treatment differences.

Investigating individual patient response
Most people would agree that the n of 1 trial could be

useful in evaluating whether an individual patient
responds to a particular treatment, and this is the
application which has been most widely reported.
Conclusions are drawn about the response of the
patient under study, and only that patient, to a
treatment that has previously had variable clinical
success. Provided general methodological principles
are adhered to there is little to debate. This application
will be most valuable in the later stages of drug
development-after the drug has been marketed-and
in diseases in which evaluation of the success of drug
treatment is wholly or partly subjective.
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More general inferences
Difficulties start to arise when n of 1 trials are

extended beyond the individual patient. Paradoxically,
these difficulties derive from the fact that patients'
responses to treatment vary-the reason for carrying
out the n of 1 trial described above. Thus finding a
positive effect of treatment in a conventional clinical
trial does not predict that the next patient will respond
to the treatment. To evaluate the general usefulness of
any treatment we need to assess the size of its average
clinical effect agaiinst the normal background ofpatient
to patient variation. The variation within a patient does
not contain this component of variation in response, so
a positive result in a n of 1 trial is an unreliable
predictor of response in future patients. A clearly
positive result in an n of 1 trial shows that the drug is
active but tells us almost nothing about the average
effect, merely that it is likely to be positive unless
the effects of treatment are so variable that some
patients are adversely affected. And it tells us nothing
about the variation of the effect from patient to
patient.

Phases of drug development
Proponents of single subject trials have asserted

their value in drug development. They have suggested
their use to meet the phase 1 and 2 objectives of
showing safety and clinical activity, determining a
dose, and characterising the target population, and, in
phase 4, to determine if an individual responds.3 (I do
not think anyone has seriously suggested that such
trials could have a role in phase 3, which usually
consists of several large scale controlled trials aimed at
providing definitive proof of efficacy.) The application
ofn of 1 trials in assessing individual patient response is
not in dispute, but their use in phase 1 and 2 relies on
collecting results from a series of trials and making
general deductions from them. That is, the patient to
patient variation in response is recognised but is not
explicitly included in the design of the trial or series of
trials.
As soon as a series of n of 1 trials is envisaged, it is

surely more efficient to plan a coordinated statistical
design for the whole series. This takes us back
immediately into the familiar territory of the crossover
trial, albeit with a large number of potential treatment
periods per patient. In all crossover trials, however
they arise, we seem to have the option of increasing the
number of treatment periods and correspondingly
reducing the number of patients. This possibility,
which is particularly attractive when patients are hard
to find, must have been considered by many trial
organisers. In practice, the importance of variation in
patient to patient response nearly always leads to the
choice of more patients rather than more periods of
treatment. In addition, the problems of managing
crossover trials increase considerably with increasing
numbers of treatment periods. In the early phases of
drug development there are often strict limits on
the allowable exposure of patients to experimental
treatment.
The design of a clinical trial usually follows almost

inevitably from its objectives. And so it should. The
phase 1 and 2 objectives regularly lead to conventional
controlled trials of both parallel group and crossover
design. It is hard to imagine how a series of n of 1 trials
would improve this process. The main contributor to
variation in dose response, for example, is usually the
patient, so that crude information on a large number of
patients is usually more valuable than precise infor-
mation on a few. To give another example, if the target
population is in doubt and patient characteristics are
sought that correlate with response, then these
correlations are usually subject to considerable statis-
tical fluctuation-they are rarely black and white
relations. Larger patient numbers are again the key to
identifying and quantifying such relations.

Finally, the n of 1 trial requires knowledge about the
onset, cessation, and repeatability of treatment effects,
which is usually available only when the drug is well
established-that is, well beyond the developmental
stages. Nevertheless, the considerations embodied in
the previous two paragraphs would apply even if such
investigations were conducted after marketing.

Further considerations
The value of n of 1 trials in identifying true

responders to treatment is maximised by ensuring that
the size of the study is large enough-that is, that it
contains enough treatment periods. Conventional
power considerations suggest that 20 or more treat-
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ment periods would be needed unless treatment effects
are very large. Perhaps conventional power calculations
are not appropriate here, and further guidance on the
appropriate way forward would be welcomed.

In normal clinical practice the placebo effect is
deliberately used to enhance the effect of treatments
and to encourage patient compliance. It is a valuable
medical tool. When n of 1 trials are used, doctors will
need to decide that, for the particular patient they are
treating, the (short term?) potential loss of the placebo

effect is worth the longer term certainty of treatment
efficacy. The basis on which this judgment should be
made is unclear.
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Lesson of the Wleek

Ocular injuries due to exploding bottles of carbonated drinks

PW Sellar, P B Johnston

Several ocular injuries have been seen in this depart-
ment as the result of glass fragments from exploding
bottles of carbonated drinks. The serious nature of
these injuries has not been sufficiently highlighted in
Britain, and we report six cases to illustrate the danger
of glass bottles containing carbonated drinks, especi-
ally to young children.

Case reports
Case I-A 50 year old woman was admitted in 1974

with an injury to her left eye at work after a bottle of
carbonated drink exploded. She was found to have a
stellate rupture of her left cornea, extending into the
sclera superiorly with prolapse of the iris. Visual acuity
was 6/6 right, 6/60 left. She had an emergency repair
but died postoperatively of a hypertensive stroke. A
previously unknown phaeochromocytoma was found
at necropsy. The maximum temperature on day of
injury was 16-3°C with 3d 1 hours of sunshine.

Case 2-A 40 year old shopkeeper was admitted in
1988 having been struck on the left eye with a piece of
glass from a bottle of carbonated drink after it had
exploded in her hand. The bottle had been un-
disturbed for about a week. Visual acuity on admission
was 6/6 right, accurate projection of light on the left.
The right eye was not affected. The left eye had a large
multidirectional corneolimbal laceration and prolapse
of the iris. The patient also had a laceration of her
left index finger. The cornea was repaired and the
prolapsed iris excised. Postoperative visual acuity
reached 6/18, but 10 weeks after the injury a dense
lens opacity developed and acuity dropped to hand
movement. Six months after her injury she underwent
left extracapsular cataract extraction with posterior
chamber lens implantation. The posterior segment was
found to be intact, and the postoperative visual acuity
was corrected to 6/6. The maximum temperature on
the day of injury was 11 6°C with 0 1 hour of sunshine.

Case 3-A 30 year old employee of a bottling
company attended the ophthalmic casualty depart-
ment in 1988 on the day after a glass bottle of
carbonated drink had exploded in his face at work and
after a fragment of glass had been removed from his
right lower conjunctival sac at another hospital. Visual
acuity was 6/60 in his right amblyopic eye, 6/6 in the
left eye. He had a right convergent strabismus but no
evidence of penetrating injury to the right eye nor of an
intraorbital foreign body on x ray examination. The
maximum temperature on the day of injury was 18-4°C
with 3-2 hours of sunshine.

Case4-A 3 year old boy was admitted in 1988 with a
right ocular perforation caused by explosion of a full

one litre glass bottle of carbonated drink which he
was carrying across a farmyard. He had minor lacera-
tions on his brow, right upper lid, cheek, and leg. A
large inferior corneoscleral laceration was present
with prolapse of the iris. The iris was repositioned,
the corneoscleral wound repaired, and the anterior
chamber reformed. Postoperatively a posterior sub-
capsular cataract was noted and a vitreous haemor-
rhage identified. The retina appeared flat. Four
weeks after injury the cataract had increased and a
retinal detachment was identified. Examination under
anaesthesia disclosed a hypotonous eye with a totally
detached retina due to a giant tear in the infero-
temporal quadrant. Further treatment was not carried
out. The maximum temperature on the day of injury
was 23 3°C with 10 9 hours of sunshine.

Case 5-A 4 year old boy was admitted in 1988 after
dropping a 300 ml bottle of carbonated drink, which
then exploded. A piece of glass struck his right eye. A
superior full thickness corneoscleral laceration with
proplapse of the iris was found. A small laceration was
present on his right upper lid. The prolapsed iris was
repositioned, the cornea sutured, and the anterior
chamber reformed. Four weeks after surgery visual
acuity was 6/18 right, 6/6 left. Right visual acuity
deteriorated to 6/60 at eight weeks after injury despite
one hour of left ocular occlusion a day. Corneal sutures
were removed 12 weeks after injury, and right acuity
improved to 6/18. The maximum temperature on the
day of injury was 21 90C with 10 0 hours of sunshine.

Case 6-A 60 year old woman was admitted in 1988
having been struck on the right eye by fragments of
glass when a bottle ofcarbonated drink exploded in her
face. She had a small brow laceration and bruising of
the right lower lid. A right conjunctival laceration was
present inferonasally. Visual acuity corrected to 6/9
right, 6/9 left. There was no evidence of intraorbital
glass on x ray examination, but a small vitreous
haemorrhage was located inferiorly. The conjunctival
laceration was explored under anaesthesia, and a large
full thickness scleral tear was found with vitreous
incarceration. Postoperatively visual acuity remained
6/9 in her right eye. An area of retinal haemorrhage was
noted as the vitreous gel cleared. When last seen the
retina was flat. Follow up was continued elsewhere.

Discussion
In some countries trauma due to accidents with

bottles of carbonated drinks amounts to a sizable
proportion of serious ocular injuries. A recent study of
eye injuries in urban Brazilian children found that up
to 4% were due to exploding bottles of carbonated
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