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Peatfield replies:
I wholly agree with Gupta that independent
mechanisms for the headache and Homer's
syndrome are required to explain the
sequence of events in my patient. It is cer-

tainly possible the Homer's syndrome is
entirely coincidental although the correla-
tion in time suggests otherwise.
Unfortunately, follow up information on my

patient is not available.
I must confess to unwillingness to invoke

a viral infection in parasympathetic ganglia
to explain the pathogenesis of typical cluster
headache, which even in this patient proved
to be a spontaneously reversible periodic
syndrome responding to corticosteroids
among a wide variety of pharmacologically
active agents.
Dr Gupta's second suggestion, that a

purely mechanical ptosis can be related to a

rise in intraocular pressure, is certainly inge-
nious but I find it difficult to accept that a

sudden rise in intraocular pressure sufficient
to set up a trigeminal nerve mediated axon

reflex would not first be painful.
R C PEATFIELD

The Princess Margaret Migraine Clinic,
Department ofNeurology,
Charing Cross Hospital,
Fulham Palace Road,
London W6 8RF, UK

Non-invasive carotid imaging

We agree with most of the comments made
by Sellar in his comprehensive review of
imaging techniques for displaying blood ves-
sels of the head and neck.' However, by con-
trast with Sellar, we would argue that
conventional invasive angiography is no

longer an essential component of the pre-

operative work up for prophylactic internal
carotid endarterectomy; the combination of
ultrasound and magnetic resonance angio-
graphy (MRA) is satisfactory for the vast
majority of patients. In coming to this con-
clusion, we considered two key issues.
Firstly, to what risk do we expose patients

with symptomatic cerebrovascular disease
when we perform invasive, intra-arterial
contrast angiography? Secondly, do non-
invasive techniques reliably identify appro-

priate patients? (using currently available
ECST criteria this would be those patients
with > 70% stenosis of the symptomatic

internal carotid artery).
In assessing the risk of angiography, Sellar
... suspect(s) that the complication rate

remains at around 1% in most centres . . . ",
but provides little appropriate prospective
evidence to support this figure. The risks of
conventional angiography clearly vary
according to which group of patients are
studied. Patients with symptomatic carotid
stenosis seem to be at greater risk than other
groups and several studies have shown that
the risk increases with increasing degrees of
stenosis. This is particularly important
because, in many centres, patients with mild
disease are effectively "screened out" by
non-invasive techniques such as ultrasound.
We therefore need to know the risks of
angiography for the group of patients with
moderate or severe stenosis, as these are the
patients who will be exposed to the test. Few
studies have looked specifically at this group.
In a prospective study of 200 such patients
in our centre, Davies and Humphrey found
a 4% stroke rate in the 72 hours postangio-
graphy, with 2% death or serious disability.2
This figure intuitively seems high. However,
it is not dissimilar to other studies, provided
the appropriate patients are considered. In a
study from Edinburgh, Hankey et al
reported an overall stroke rate of 2% with a
permanent deficit rate of 1-3%.3 From their
paper it is possible to calculate the postan-
giographic stroke rate in those patients with
> 50% stenosis. The figures are then an
angiographic stroke risk of 5-5% and a per-
manent deficit risk of 3-1%. The benefits of
carotid endarterectomy depend on a low
surgical complication rate, as shown by the
ECST and NASCET studies. Neither of
these studies included the angiographic risk
in their analyses. In borderline decisions, the
risk of angiography, added to the surgical
risk, could outweigh the benefits of
endarterectomy.
The accuracy of non-invasive techniques

is rightly assessed by comparison with inva-
sive intra-arterial angiography, and Sellar
quotes sensitivities for ultrasound of the
order of 81% to 85%. This is in agreement
with a recent meta-analysis of non-invasive
techniques which reported sensitivities of
83-86% and specificities of 89-94% for
carotid ultrasound and MRA in detecting
70% stenosis or more.4 When interpreting
sensitivity and specificity data it is important
to realise that values less than 100% are
inevitable, regardless of how accurate the
method being assessed is. This is because of
the variation in reporting that exists, both
between different observers and also
between the same observer reporting on sep-
arate occasions. Experienced neuroradiolo-
gists reporting the same conventional
angiograms can disagree by considerable
amounts. In a recent study we found that
the mean magnitude of disagreement
between consultant radiologists in our unit
was 8-10% and that clinically important dis-
agreements were reported in up to 6% of
angiograms.f Comparison of other modali-
ties with angiography will inevitably result in
sensitivities and specificities considerably
less than 100%, simply due to this variability
in reporting.

Distinguishing occlusions from very tight
stenoses can be reliably achieved with non-
invasive tests. Colour duplex, in combina-
tion with continuous wave examination, has
improved the ability of ultrasound to distin-
guish very tight stenoses from occlusions
and, provided the correct 2D sequence is
employed, MRA is highly reliable in making

this distinction. Indeed, in situations of very
slow flow, we have found that 2D MRA
sequences can be easier to interpret than
conventional angiograms.
As Sellar points out, ultrasound examina-

tion of the carotid arteries does require
experienced operators if the results are to be
relied on. This should not be used as an
argument against the technique in general.
By the same reasoning, we could argue for
abandoning carotid endarterectomy itself, as
the operation requires highly experienced
surgeons, not available to all centres. The
solution is to ensure a more thorough and
effective training of ultrasonographers. We
would strongly endorse the suggestion that
prospective audit be maintained locally for
any centre offering screening ultrasound and
carotid endarterectomy.
The concern raised by Sellar regarding

the signal gaps that appear on magnetic res-
onance angiograms beyond a tight stenosis
has not proved to be a problem in our expe-
rience.6 Using 3D MRA techniques, we have
found such signal gaps only in the presence
of stenoses > 70% by ECST criteria. The
paper quoting a signal gap associated with a
55% stenosis was a study using 2D MRA
and, as suggested by Sellar, the stenosis was
measured using NASCET criteria and so
equivalent to a stenosis of 73% as measured
by ECST criteria.
An argument often used in favour of con-

tinuing with invasive angiography is the
issue of co-existent carotid siphon disease,
which cannot be picked up reliably by
duplex ultrasound. Our experience has been
that significant siphon disease is a relatively
uncommon finding. Furthermore, we are
not convinced that its presence should alter
the decision to perform endarterectomy, a
similar conclusion to studies specifically
looking at this question.7

In our unit we now use a combination of
ultrasound and MRA for preoperative
assessment of patients, and, like others, have
found this highly successful. We reserve
invasive angiography for those patients in
whom the non-invasive investigations dis-
agree significantly (an infrequent occur-
rence). In a situation where non-invasive
methods clearly indicate the presence of a
tight stenosis we do not think that it is justi-
fiable to expose a patient to the risks of inva-
sive angiography.

GR YOUNG
PRD HUMPHREY

TE NIXON
ETS SMITH

The Walton Centre for Neurology and Neurosurgery
NHS Trust, Rice Lane, Liverpool

L9 IAE, UK
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Sellar replies:
I am pleased that Young and colleagues
have responded to the review of imaging the
blood vessels of the head and neck, as their
letter addresses what is the key issue: do the
risks of angiography outweigh its benefits
when used to select patients suitable for
carotid endarterectomy?

In the review my aim was to attempt to
achieve a balanced assessment of the current
available medical literature on the subject.
The views expressed by Young et al do, I
believe, represent an extreme view of the
subject coloured by local experience. They
quote their own 4% stroke rate for angiogra-
phy and have found one other centre (not,
incidentally, Edinburgh!) with a similar
experience.' It is useful to quote this paper
in greater detail-"50% stenosis was a sig-
nificant prediction of risk but the 95% inter-
val of the odds ratio was very wide due to
the small total number of complications."
The same criticism applies to their own
paper, in which two less complications
would have more than halved the risk of
stroke.

In a recent analysis of the complications
of angiography of several large series includ-
ing our own meta-analysis of eight prospec-
tive series2 Heiserman et al found a mean
permanent neurological deficit rate of 1%.3
The 95% confidence intervals of the meta-
analysis was less than 2%-0 5% risk of

deficit in the group of patients presenting
with stroke or transient ischaemic attack.
The very high complication rate achieved

by Liverpool may not only reflect the small
group of patients assessed, but other factors.
Some of their angiograms were performed
by radiologists in training. Mani and
Eisenberg found a fourfold increase in com-
plications from angiography in training cen-
tres.4 Secondly, they included all
complications occurring in the 72 hours
after the procedure. A significant number of
these complications may be unrelated to the
angiographic procedure.
On the other hand, their results for non-

invasive imaging are unusually good, their
combined DUS and MRI misclassifying
only 6% of patients whereas the recent
meta-analysis of these techniques Young et
al quotes reports sensitivities of only
83-86% for these techniques.' What Young
et al did not quote was the conclusion of this
meta-analysis: non invasive tests cannot sub-
stitute for angiography as the sole preopera-
tive test for carotid endarterectomy.
Non-invasive tests have less than perfect
performance at classifying diseased and non-
diseased patients. The consequences of mis-
classification are high; endarterectomy is not
an entirely benign procedure.

Let us ignore for a moment those patients
who by non-invasive imaging may be led
into unnecessary carotid endarterectomy
with its 7-5% perioperative stroke rate.6
What is the effect of using non-invasive
imaging with a sensitivity of 80%? If we
make three assumptions relating to these
patients with 70% stenosis: that the risk of
angiography is 1%, that after surgery there is
a 10% risk of stroke over three years, but
that patients who have medical treatment
the risk of stroke is 20%. The actual ECST
figures were 12 3% and 21 9% respectively.6
It can be seen that over the three year period
(figure) there are 120 strokes in the group
using non-invasive imaging and l 10 from
conventional angiographic work up.

Obviously these results would be different if
higher sensitivity could be assumed for non-
invasive imaging but Blakeley et al com-
ments in their meta-analysis that the series
he analysed probably contains a publication
bias with only specialised centres with
respectable results publishing data. This
caveat is supported by the NASCET data,7
which found only a 59% sensitivity for DUS
detecting 70% angiographic stenosis when
used in a multicentre trial and the results of
Worthy et al8 who found only a 52% sensi-
tivity for DUS correctly classifying this
group. (These results are only just superior
to tossing a coin.)

In conclusion, what may happen if we
abandon angiography too early? Firstly, we
remove the impetus to improve the ability of
non-invasive techniques to select those
patients who will benefit from carotid
surgery, as we remove the only gold stan-
dard that has been shown to select these
patients. It will quickly become thought to
be unethical to test non-invasive techniques
against angiography. Secondly, we may be
throwing the baby out with the bath water if
the non-invasive techniques in non-spe-
cialised centres have a sensitivity closer to
60% than 90% as suggested by the
NASCET results. Then substantial numbers
of patients will be deprived of beneficial
carotid surgery as well as other patients hav-
ing unnecessary surgery. We need to work
urgently towards the day when we can put
cerebral angiography finally to bed, but to
recommend non-invasive imaging for all
centres at the present time would be irre-
sponsible.
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Dexamethasone treatment for acute
bacterial meningitis: how strong is the
evidence for routine use?

Flow diagram of the consequences of managing 1000 patients with 70% carotid stenosis by
conventional angiography (cva) compared with non-invasive imaging. The sensitivity of non-
invasive imaging is taken to be 80% resulting in 200 patients having inappropriate medical treatment

In their methodological review of papers
reporting clinical trials of dexamethasone
treatment for acute bacterial meningitis,'
Prasad and Haines provide some valuable
guidelines for assessment of methodological
rigour in studies of the treatment of bacterial
meningitis. These points may be useful in
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