
plots (figure)). Only about 10%-15% of nys-
tagmic beats showed some degree of expo-
nential decay (velocity-position plots with a
non-zero gradient). On this basis, as well as
on the presence of tilt (otolith) stimulus
sensitivity, we argue that a small nucleus
intercalatus lesion presents clinically as a
central vestibular nystagmus. Larger lesions
may damage additional neuronal circuits
involved in ocular-motor integration.4

A M BRONSTEIN
A J LARNER

J C JANSSEN
S F FARMER

National Hospital for Neurology and Neurosurgery,
Queen Square, London, UK

1 Janssen JC, Larner AJ, Morris H, et al. Upbeat
nystagmus: clinico-anatomical correlation. J
Neurol Neurosurg Psychiatry 1998;65:380–1.

2 Munro NAR, Gaymard B, Rivaud S, et al.
Upbeat nystagmus in a patient with a small
medullary infarct. J Neurol Neurosurg Psychiatry
1993;56:1126–8.

3 Hirose G, Ogasawara T, Shirakawa T, et al. Pri-
mary position upbeat nystagmus due to unilat-
eral medial medullary infarction. Ann Neurol
1998;43:403–6.

4 Larner AJ, Bronstein AM, Farmer SF. Role of
the nucleus intercalatus in upbeat nystagmus.
Ann Neurol 1998;44:840.

“Summary measure” statistic for
assessing the outcome of treatment
trials in relapsing-remitting multiple
sclerosis

In response to the recently published paper
by Liu et al,1 we wish to initiate further
discussion regarding the proposed area under
the curve (AUC) summary measure and
comment on some inherent diYculties with
this method.

In the paper, Liu et al note that when con-
structing the summary AUC, the “essential
components are the sets of serial impairment
or disability data, preferably with frequent
sampling points for each patient...” This is in
fact a crucial point and depending on the
schedule of observations, the observed plot of
the expanded disability status scale (EDSS)
over time can look quite diVerent from the
true curve. For example, consider figure D
that has been reproduced below from the
paper (figure A). This plot of EDSS over time
represents a continuum, which in reality is
unlikely to be fully observed as patients are
not seen on a daily or weekly basis through-
out a study because it is not practical to do so.
Instead, patients are scheduled to return for
assessment at certain times during the study.

If, hypothetically, this patient was seen every
3 months by the study investigator, the
observed plot of EDSS over time would
appear as figure B. However, if this patient
was seen every 6 months during the study
instead, the observed plot of EDSS over time
would appear as figure C. These two
“observed” EDSS curves look diVerent, even
though they represent the same underlying
curve. It is obvious that the resulting AUC for
each plot would also diVer in magnitude. If
patients could be measured daily to create a
smooth, accurate curve, this would not be an
issue. In practice, the resulting EDSS curve
over time is spiky and uneven and so the
AUC measurement is greatly impacted.

It is also necessary to clarify what the pro-
posed AUC summary measure is actually
measuring and how it can be interpreted. The
interpretation can vary depending on such
factors as how baseline values were handled
in the calculation of the AUC, whether
unscheduled visits were included, and which
summary statistics are reported. For exam-
ple, if scores are “normalised to baseline” as
described in the article, patients with com-
pletely diVerent baseline EDSS scores can
have the same AUC, yet the degree of
disability will be greater for the patient with
the higher baseline EDSS. From a clinical
perspective, the question should be raised,
“Do we want to consider the disability of
these patients to be the same by using the
AUC summary measure?” Likewise, as the
article points out, “Caution is necessary in
short trials of 2 or 3 years, as fixed neurologi-
cal deficits are accumulating very slowly, and
an increased AUC at the end of a trial may
simply represent transient disability which
has either resolved or has yet to resolve.” This
implies that the AUC summary measure may
not be a good indication of irreversible clini-
cal deterioration. The AUC measure may
reflect exacerbations rather than sustained
disability.

The concept of AUC has been used exten-
sively in other fields with great success. Most
commonly, it has been used when measuring
either peaked data (outcome variable starts
from a baseline, rises to a peak, and then
returns to baseline) or growth data (outcome
variable steadily increases or decreases with
time and does not start to return to its initial
value over the period of the study).2 Even
then, however, AUC is not used in isolation.
For example, when used in pharmacokinetic
modelling of blood concentration data, the
maximum concentration and the time to
maximum concentration are also reported.
This is because the AUC alone cannot sum-
marise the shape of the curve. We think that
irreversible disability progression in multiple
sclerosis must continue to be measured by
time to event and intrapatient changes in dis-
ability. Improvements in assessment of dis-
ability are more likely to come from outcome
measures such as the multiple sclerosis func-
tional composite3 that overcome issues with
the EDSS such as non-linearity.
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Liu et al reply:

We welcome the opportunity to discuss the
role of the AUC (area under the plotted curve
of disability against time) as a summary
measure statistic in treatment trials of multi-
ple sclerosis, although many of the points
raised by Simonian and her colleagues simply
reiterate those we made in our paper.1

The first comment considers the impact of
the number of points on the shape of the dis-
ability curve. We agree that the sampling fre-
quency will alter the shape of the curve and
this is precisely why the AUC method is pref-
erable to the conventional approach, which
emphasises single or two point assessments.
By taking account of data from all the assess-
ment points, the bias highlighted in figures B
and C by Simonian et al would have a greater
chance of averaging out. Obviously, the
greater the sampling frequency, the better the
approximation to the disability actually expe-
rienced (figure A). For pragmatic reasons, in
practice, the number of assessments are lim-
ited. Trials with a scheduled visit frequency of
only 6 months2 3 will necessarily be less accu-
rate in following actual in trial disability than
those with higher rates of assessment4–6 what-
ever the clinical rating scale tool used. Our
approach takes account of this fact.

On the important question of clinical
interpretation of the AUC summary meas-
ure, we reiterate our argument that the AUC
provides an index of in trial morbidity, or as
we called it, “total disability experience”
(summed transient and irreversible disabil-
ity). This is clinically meaningful and relevant
in short studies involving relapsing-remitting
multiple sclerosis, in which many disability

Position v time and velocity v position plots of a
single nystagmic beat in the patient described by
Janssen et al.1
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changes which impact patients’ daily lives,
remit before the end of a trial.

The problem of summating estimated dis-
ability changes at diVerent levels of clinical
rating scales as raised by Simonian and
colleagues, is a diVerent point altogether and
hardly limited to an analysis by the AUC
statistic. If data on changes at diVerent levels
of a rating scale are required, then stratifica-
tion analysis according to baseline disability7

can be carried out using any outcome meas-
ure including “confirmed progression”, over-
all EDSS change, or AUC.

Simonian and colleagues consider that
AUC is appropriate for “growth data”, which
in terms of multiple sclerosis would apply to
patients deteriorating steadily with chronic
progressive disease. In fact, as stated by Mat-
thews et al,8 the AUC statistic is particularly
relevant for summarising peak data such as
the increase and decrease of disability associ-
ated with a relapse. However, it is also
relevant and appropriate for the analysis of
the complex mixture of peaked, multipeaked,
and growth data, which characterises the dis-
ability course of relapsing-remitting multiple
sclerosis. If the functional form of the disabil-
ity progression were known, we would of
course be able to use parametric modelling
(for example, exponential decay or linear
decay). Our analysis is non-parametric and
the only assumptions we make are that the
events are stochastic and the measurements
are serially correlated.

We did not imply that the AUC statistic
“should be used in isolation” any more than a
mean or median EDSS should be the only
summary measure. The AUC clearly does
not provide information about the direction
of disability change and we pointed out that
additional analyses would be necessary to
determine time trends. Whereas we agree that
theoretically, irreversible disability progression
in multiple sclerosis is best assessed by time
to events, in practice outcomes such as EDSS
of 6.0, are not truly irreversible and subject to
substantial measurement error. Event history
analysis is more appropriate for truly irrevers-
ible events such as death or loss of virginity (!)
rather than those we typically use in
relapsing-remitting multiple sclerosis. Com-
monly employed disability end points, such as
EDSS change from study entry to comple-
tion, and the so-called confirmed progression
at 3 or 6 months, have major flaws as already
discussed in our paper.

The relative merits of clinical rating scales
such as the EDSS, Scripps neurologic rating
scale, or the proposed multiple sclerosis
functional composite should not be confused
with the statistical methods used to analyse
serial scores acquired from these scales.
Whether the functional composite turns out
to be better or worse than established scales
remains to be seen, but this does not in any
way impinge on the desirability of applying
AUC analysis to serial data derived from any
clinical rating scale (including the functional
composite). We think that because this sum-
mary measure statistic (AUC) takes into
account both transient and permanent dis-
ability, as well as the magnitude and duration
of disability changes, and because it is simple
to apply, sensitive and variance stabilising
through its incorporation of all serial time
points, it is both appropriate and clinically
meaningful for outcome analysis of treatment
trials of relapsing-remitting multiple sclero-
sis.
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Hypothesis on the pathogenesis of
vacuolar myelopathy, dementia, and
peripheral neuropathy in AIDS

We read with extreme interest the article by
Tan and GuiloV.1 The excellent review
illustrates the current knowledge on trans-
methylation abnormalities in the pathogen-
esis of neurological complications of HIV
infection. It is most convincing in its ability to
bridge evidence of cytokine activation, myeli-
notoxic, and neurotoxic events, with abnor-
malities of methylation in the nervous system.

Our group has been working for years on
the hypothesis that AIDS associated my-
elopathy and other HIV related neurological
disorders are consequent to an induced
metabolic abnormality of the transmethyla-
tion pathway. Our initial clinical studies with
methionine supplementation suggest that
signs and symptoms of myelopathy and
cognitive function improve with methionine
supplementation.2–5 Although still prelimi-
nary, these data oVer further argument for a
pathogenetic role of methylation in neuro-
logical complications of AIDS, and suggest
that a therapeutic approach aimed at correct-
ing this metabolic abnormality may be
beneficial. We are now conducted a larger,
controlled study to further assess treatment
of neurological complications of AIDS with
L-methionine.
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BOOK REVIEWS

Amyotrophic Lateral Sclerosis: A
Synthesis of Research and Clinical
Practice. Edited by ANDREW EISEN and
CHARLES KRIEGER. (Pp303, £45.00).
Published by Cambridge University Press,
Cambridge, 1998. ISBN 0 521 58103 6.

From its very first sentence, this monograph
on amyotrophic lateral sclerosis is anchored
in its writers’ personal experience. Its con-
tents are, they tell us, “based on 664
patients”—“all examined by one of the
authors”. Professor Eisen and Dr Krieger
have reviewed all aspects of the condition,
from molecular mechanisms to bedside care.
Their approach is essentially focused on
clinical issues, but the book is also a useful
introduction to the basic science. They
review the diagnostic process from the stand-
point of the clinic room, stressing both the
rarity of conditions that mimic the disease
and, in view of the gravity of the diagnosis,
the vital need to seek out any potentially
treatable disorder. The stamp of seasoned
knowledge is particularly evident when the
text turns to electrophysiology. Here, readers
are oVered precise advice and encouraged to
perform techniques—such as recording corti-
comotoneuronal excitatory postsynaptic
potentials—themselves.

The personal approach that underpins the
book sometimes leads the argument in unex-
pected directions. On only the third page,
studies of sex hormones are discussed to
explain the male predominance in young
onset cases. In this and other areas “not
shared- by conventional dictum-” as the
authors’ preface has it, references are mainly
to their own papers. In the chapter on
therapy, which opens with a survey of trial
methodology and reviews the underlying
mechanisms of potential therapeutic agents,
only four pages are spent on symptomatic
treatment of the patient. This brief overview
touches on, but hardly does justice to such
topics as respiratory support and gastrostomy
feeding—two interventions of established
benefit. Moreover, it makes scant mention of
the need for multidisciplinary care. For a
summary of these issues, readers would find
Mitsumotos’s Care and Management of the
Patient with ALS much more useful.

The superspecialist may quibble over the
odd detail (there is no mention of the dual
pattern of inheritance of the D90A superox-
ide dismutase mutation, a paradox apparently
unique in inherited disease) and recent
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