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Clinical utility of surface EMG: Report of the
Therapeutics and Technology Assessment
Subcommittee of the American Academy of
Neurology

To the Editor: I read with interest the report of the AAN Thera-
peutics and Technology Assessment (TTA) Committee on the clin-
ical utility of surface electromyography (EMG).1 Although the
review dealt comprehensively with most possible indications, I
was surprised to find no discussion of the use of surface EMG in
the investigation of sleep disorders (apart from citations 79 and
81, quoted to illustrate EMG activity of breathing in general).

Surface EMG has been routinely used in polysomnography for
more than 30 years. Submental and anterior tibial EMG are rou-
tinely recorded, and intercostal and arm EMG are monitored in
some laboratories. Surface EMG plays a vital role in the staging of
sleep, specifically in the determination of skeletal muscle atonia
associated with REM sleep.2 This is particularly essential when a
multiple sleep latency test is used for the diagnosis of narcolepsy.
It is helpful in detecting arousals, especially from REM sleep.3 It
is fundamental to the diagnosis of a number of neurologic motor
disorders of sleep, including REM sleep behavior disorder4 and
periodic limb movement disorder.5 In addition to polysomnogra-
phy, surface EMG of leg muscles is monitored in the suggested
immobilization test for restless legs syndrome.6

Thus, the diagnosis of sleep disorders should be added to the
list of accepted indications for surface EMG recordings.

Michael H. Silber, MB, ChB, Rochester, MN

To the Editor: I disagree with the opinion of the TTA Subcom-
mittee concerning the use of surface EMG for evaluating low back
pain.1 The Subcommittee appears to consider surface EMG as a
generic technology applied in a universal manner by all research-
ers, practitioners, and product developers. One cannot assume
technologic homogeneity, as other well-accepted evaluative proce-
dures such as electrocardiography and nerve conduction velocities
also rely on surface sensors. Was the Subcommittee’s mission
statement to consider surface EMG as a way to document pain or
was it to evaluate the diagnostic capabilities of the surface EMG
techniques themselves?

Surface EMG measures muscle activity; it reports nothing
about pain. There is no “gold standard” for measuring pain. Differ-
ences often exist between perceptions of pain and objective pathol-
ogy. The Subcommittee seemed focused on a presumed association
between muscle fatigue and back pain. One must first establish
the presence (or absence) of muscle dysfunction before suggesting
any possible correlations to self-reported pain.

Tissue trauma can result in a reduction of the force-generating
capability of muscle and alter neural recruitment patterns. It can
cause swelling, pain, discoloration, and altered proprioceptive re-
lays.7 I work with a surface EMG model called Muscle Pattern
Recognition (MPR) (MPR Health Systems, Inc., Culver City, CA)
that assesses multiple ratios of recruitment patterns between
pairs of different combinations of muscles during a series of de-
fined movements. By comparing recruitment patterns against
those of a normative database for identical movements, MPR has
isolated regions of hypokinesia (weakness), hyperkinesia (spasm),
and the compensating interactions between these regions as man-
ifestations of muscle impairments.8,9 Using this technology, we are
now correlating subjects’ regions of pain to their surface EMG
patterns. No load, nonfatiguing, static end-of-motion postures
eliminate effort or motivational contamination. Initial classifica-
tion accuracy (1995 to 1996) was 88%.8 Current specificity and
sensitivity is 90%.

Ratio-metric mathematical analysis of muscle recruitment pat-
terns is a scientifically validated procedure.10,11 My colleagues and
I strongly believe that surface EMG can appropriately assess mus-
cle impairment. Our ongoing clinical experiences show impressive
correlations to subjects’ self-reported pain. I am disappointed that
the Subcommittee did not review the articles cited above and that
their conclusions did not consider objective measures of impair-

ment. We feel ratiometric surface EMG analysis is an innovative
and appropriate tool for assessing neck and back soft tissue inju-
ries.

Alan J. Goldman, MD, Santa Ana, CA

To the Editor: We read with interest the report on the clinical
utility of surface EMG.1 We are delighted to have one of our
articles12 selected in this important review on the judgment on the
reliability issue of using surface EMG in low back pain assess-
ment. It is necessary to point out that the reliability results men-
tioned in the article by Pullman et al.1 were from another article.13

Furthermore, the Pearson’s r value for median frequency slope
was quoted as 0.39 to 0.55, which is based on one of the back
muscles (iliocostalis lumborum) investigated. It should be pointed
out that Pearson’s r value of another muscle, multifidus (0.77 to
0.87) was not mentioned in the review article. Because the report
will be treated as one of authoritative reference in the field of
EMG investigation, we are in a position to make clear the above
points to the readers of Neurology.

Joseph K.-F. Ng, MPhtySt, Hong Kong; Carolyn A. Richardson,
PhD, Gwendolen A. Jull, MPhty, FACP, Queensland, Australia

To the Editor: In this review, Pullman et al.1 report on the
clinical utility of surface EMG in neuromuscular disorders, low
back pain, and disorders of motor control.1 Reviewing the litera-
ture, they conclude that surface EMG is unacceptable as a clinical
tool in the diagnosis of neuromuscular disease and low back pain.
They consider it acceptable for kinesiologic analysis of movement
disorders; for differentiating types of tremor, myoclonus, and dys-
tonia; and for evaluating gait and posture disturbances and psy-
chophysical measures of reaction and movement time.

We fully agree that, at the current time, surface EMG is not
established in clinical routine for diagnosing neuromuscular disor-
ders. The authors apparently missed a point that we believe to be
important. When comparing needle with surface EMG it is often
disregarded that, although both methods look at electrophysi-
ologic muscle activity, they see different things. Needle EMG
(NEMG) records single MUAPs, whereas surface EMG records the
interference pattern of multiple firing fibers. This provides impor-
tant clues to muscle activity during exercise. There is yet another
difference between NEMG and surface EMG, which we believe to
be important: needle EMG can be interpreted without auxiliary
tools, because the patterns are usually recognizable visually. To
obtain conclusive data from surface EMG, sophisticated computer
algorithms are necessary.14 These introduce new linear and non-
linear variables, which are still poorly understood in their impli-
cations and clinical relevance.

Because it is noninvasive, surface EMG can be used to record
electrophysiologic muscle activities during exercise.15 This is not
possible with needle EMG. In a recent study, we found totally
different frequency characteristics in diaphragmatic surface EMG
during fatiguing contractions before and after specific inspiratory
muscle training.16 We attributed this to changes in the central
activation pattern rather than to fiber hypertrophy alone. Regard-
ing diagnosis of neuromuscular diseases, Huppertz et al.17 showed
surface EMG and needle EMG to be of similar validity, using high
spatial resolution surface EMG, a new and sophisticated recording
and analysis technique.

We think that the development of new technologies in electro-
physiology, e.g., for analyzing surface EMG, should be encour-
aged. Accepting modern computer-aided techniques will be
inevitable. This will provide new variables to which we will have
to become accustomed. With them, surface EMG will become an
equal complementary rather than a rival tool of needle EMG.

H. Lahrmann, MD, MSc, U. Zifko, MD, W. Grisold, MD, Vienna,
Austria

Reply from the Authors: We appreciate Dr. Silber’s comments
and agree that surface EMG is useful in the evaluation and diag-
nosis of sleep disorders. Sleep studies are important neurologic
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tests that rely on multiple physiologic monitoring methods, of-
which respiratory, extraocular, chin, and limb surface EMG are of
paramount importance. Under the section on kinesiology and dis-
orders of motor control, it was our intent to evaluate the many
kinesiologic and noninvasive physiologic methods that legiti-
mately utilize surface EMG. Although we did not specifically high-
light sleep studies, we did mention the use of surface EMG for the
measurement of breathing and tried to give representative exam-
ples of its use in the references, two of which related to sleep
analyses.18,19

We find Dr. Goldman’s comments interesting. We considered
pain assessment a key issue and determined that pain and muscle
fatigue or other quantifiable markers of muscle physiology are not
clearly linked for many reasons. As stated in the TTA report,1

muscle fatigue, spectral shifts in motor unit activity, and discrimi-
nant analyses at different levels of recruitment are variably af-
fected by motivation, stress, muscle soreness malingering, and
other biases.20-22 These factors render surface EMG problematic
and unreliable for assessing muscle impairment, much less so in
correlation with pain.

We agree with Dr. Goldman’s statement that surface EMG
“reports nothing about pain” and therefore find his subsequent
arguments difficult to understand. References 7–9 in his letter do
not provide class I evidence or any additional information not
covered in the TTA assessment on spectral changes and recruit-
ment analysis. Reference 10 (a 11⁄2 page abstract) reports on one
monkey’s changes in muscle recruitment patterns after space
flight and has nothing to do with pain or muscle injury. Reference
11 (a study in a rat) notes that surface EMG amplitude changes
modulate between different tasks with a hysteresis effect. No spe-
cific mention of “ratio-metric mathematical” analysis is offered in
references 10 or 11, making it difficult for us to believe it is a
clinically “scientifically validated” procedure.

Seth L. Pullman, MD, FRCPC, Douglas Goodin, MD,
Michael Rubin, MD, FRCPC
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Diagnosis of Creutzfeldt–Jakob disease: Effect of
clinical criteria on incidence estimates
Analysis of EEG and CSF 14-3-3 proteins as aids to
the diagnosis of Creutzfeldt–Jakob disease

To the Editor: Brandel et al.1 described the effect of different
clinical criteria on incidence estimates for sporadic Creutzfeldt–
Jakob disease (CJD): accepting either 14-3-3 protein positivity in
CSF or an EEG showing periodic complexes as one of the criteria
for suspected CJD in either the French or European criteria re-
sulted in a slight increase in estimated incidence. They also com-
pared test performance characteristics of different traditional
diagnostic criteria for CJD, but did not compare modifications
incorporating 14-3-3 protein results. Therefore, I analyzed the
authors’ results to calculate gain in diagnostic certainty and other
performance characteristics2,3 attributable to incorporation of 14-
3-3 protein results into the French or European criteria for proba-
ble CJD (additional information can be found on the Neurology
Web site; go to www.neurology.org). Inclusion of 14-3-3 protein
results improved sensitivity, without a loss of specificity, for both
the French and European criteria. Because the false negative rate
decreased markedly, both the predictive value of a negative test
and gain in diagnostic certainty for a negative test improved
significantly.

I evaluated two possible further modifications of the criteria,
which differ in the weight given to the 14-3-3 protein results: in
one, 14-3-3 protein results are considered to be of equal impor-
tance to the combination of typical EEG findings plus at least two
of four specified clinical features, whereas in the other, 14-3-3
protein results replace the previous requirements for typical EEG
results plus at least two of four clinical features. Both performed
better in this sample than either the original criteria or the previ-
ous modification incorporating 14-3-3 protein results (additional
information can be found on the Neurology Web site; go to www.
neurology.org). The excellent estimated performance of the second
variation is undoubtedly overestimated, because it is dependent in
part on the observed perfect specificity of the 14-3-3 protein assay,
which has not been the case in other samples. The point is not to
suggest a specific modification, but to indicate that various modi-
fications of existing criteria are possible, and that different modi-
fications incorporating CSF 14-3-3 protein results may produce
different performance characteristics.

The article by Zerr et al.4 suggests a specific modification of
CJD criteria. However, the modification presented is confusing, as
it appears to suggest that both periodic complexes on EEG and
14-3-3 proteins in CSF are required for a diagnosis of probable
CJD (see the Appendix). This was presumably not the authors’
intention because they state that sensitivity was improved. To
increase sensitivity, criteria have to be made more inclusive
rather than more exclusive. Requiring both periodic complexes on
EEG and 14-3-3 proteins in CSF for a diagnosis of probable CJD
could increase specificity, but would not increase sensitivity (as
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confirmed in the authors’ table 3). Suggested amended criteria are
listed (see the Appendix).

Further studies are needed to evaluate and verify the perfor-
mance of clinical diagnostic criteria for CJD incorporating 14-3-3
protein results. Nevertheless, it appears that the incorporation of
14-3-3 protein results into clinical diagnostic criteria for probable
CJD can significantly improve performance characteristics. Other
modifications may produce further improvements.

Douglas J. Lanska, MD, MS, MSPH, Tomah, WI

Reply from the Authors: Dr. Lanska discusses the impact of
inclusion of 14-3-3 protein test on the clinical diagnostic criteria
for probable CJD. The inclusion of 14-3-3 test into the clinical
diagnosis of CJD was shown to improve the sensitivity of the
clinical diagnosis and to have an impact on incidence estimates for
sporadic CJD.4,5 Our study has shown that in the differential
diagnosis of CJD, the sensitivity and specificity of the detection of
14-3-3 proteins in the CSF is higher (94% and 84%) than using the
detection of periodic sharp- and slow-wave complexes (PSWC) in
EEG (sensitivity 66%, specificity 74%). Because the 14-3-3 test is
not available in many countries at the moment, it seems not
feasible to use this test only for the diagnosis of probable CJD, but
we suggest including the 14-3-3 test into the diagnostic criteria for
CJD in addition to EEG. Based on our analysis, the diagnosis of
probable CJD requires a combination of neurologic signs and ei-
ther the detection of PSWC in EEG or 14-3-3 proteins in the CSF.
It seems that Dr. Lanska misinterpreted this message. Our anal-
ysis was based on the data from the European CJD surveillance
study, and previously established diagnostic criteria by Masters et
al.6 were used in this surveillance system. The duration of demen-
tia was not limited by these criteria. The European study group
agreed to limit the disease duration for the diagnosis of possible
CJD in order to exclude other neurodegenerative diseases from
this diagnostic category. Our analysis was based on data collected
in the framework of this study. In our study, we could show
patients with the clinical diagnosis of possible CJD (duration less
than 2 years and two of four clinical features), who had detectable
14-3-3 levels in the CSF, in fact had CJD. The modification of the
criteria was the upgrading of the possible cases with 14-3-3 in the
CSF to the category probable. Based on the data analyzed in our
study, the limitation of the duration of dementia for those patients
who had 14-3-3 proteins in the CSF was unavoidable. There are
no data at the moment to perform a further modification as pro-
posed by Dr. Lanska, but surely there is need to conduct further
studies to simplify the criteria.

Inga Zerr, MD, Sigrid Poser, MD, Göttingen, Germany

Appendix
Modified diagnostic criteria for sporadic probable
Creutzfeldt–Jakob disease

Zerr et al.
Progressive dementia with at least two of four clinical fea-
tures:

1. Myoclonus
2. Visual or cerebellar signs
3. Pyramidal or extrapyramidal signs
4. Akinetic mutism

Periodic sharp and slow-wave complexes in EEG
14-3-3 proteins in CSF and duration of ,2 years

Suggested amended criteria, Lanska
Progressive dementia with duration ,2 years
At least two of four clinical features:

1. Myoclonus
2. Visual or cerebellar signs
3. Pyramidal or extrapyramidal signs
4. Akinetic mutism

At least one of two laboratory features:
1. Periodic sharp and slow-wave complexes in EEG
2. 14-3-3 proteins in CSF

Additional material related to this letter can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the May 22 issue to find the title link for this article.

Copyright © 2001 by AAN Enterprises, Inc.
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Onset seizures independently predict poor outcome
after subarachnoid hemorrhage

To the Editor: Butzkueven et al.1 report that seizures at the
onset of subarachnoid hemorrhage are a predictor of poor out-
come. Their definition of the seizure was “. . . repetitive rhythmic
jerking, with or without preceding tonic spasm . . . with or without
loss of consciousness. These were usually described by relatives,
ambulance personnel, nurses, or doctors.”

We raise the possibility that some of the reported seizure activ-
ity was repetitive or fragmentary extensor posturing mistaken for
seizures by physicians or other health care providers. We have
observed this in our own practice on several occasions and it is
also described in the emergency medicine literature.2 Medical per-
sonnel must keep in mind that all abrupt motor activities in the
presence of a neurologic disorder or injury do not represent sei-
zure activity. The presence of extensor (“decerebrate”) posturing
in acute subarachnoid hemorrhage has been shown to correlate
with a worse outcome.

J. Stephen Huff, MD, Andrew D. Perron, MD, Charlottesville, VA

Reply from the Author: Drs. Huff and Perron raise the question
of misclassification of extensor posturing as a seizure in patients
with a subarachnoid hemorrhage. We were aware of this impor-
tant point. Our case ascertainment was based on chart review,
and this method is clearly limited by the clarity of the description
in the notes. We do, however, feel that the misclassification rate
was low because identified putative seizure records were reviewed
by three of the authors, one of whom is an epileptologist. The
onset seizure rate in our subarachnoid hemorrhage cohort was
7.8%, which is in the middle of the range of previously reported
incidence figures (4 to 16%).3,4 Extensor posturing is most likely to
occur in patients with low Glasgow Coma Scale (GCS) scores, but
we did not find any association between onset seizure and either
GCS score or duration of loss of consciousness. Only nine of our 32
patients with onset seizure had a GCS score of less than 10. It is
for this reason that the multivariate regression statistic was able
to identify onset seizure as a risk factor for poor prognosis inde-
pendent of the GCS score. Furthermore, onset seizures were found
to be an independent, strong risk factor for later seizures, but
initial GCS score was not.1 If the original events had been misclas-
sified, this would be a most unlikely result.

Helmut Butzkueven, FRACP, Melbourne, Australia
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The Goltz–Ferrier debates and the triumph of
cerebral localizationist theory

To the Editor: I read with interest the article by Tyler and
Malessa.1 It must be emphasized that the concept of “localization”
so aptly presented by Ferrier not only served as an impetus to
neurosurgical and neurologic diagnosis and treatment, but also
placed in a dark shadow the fact that the brain can adapt to and
recover from major injury. Functional MRI has provided striking
evidence that a variety of behaviors can be maintained despite
brain injury resulting from cerebral infarction and other causes.

The classical studies by Ramon y Cajal of the CNS response to
injury cast in the stone the belief that the CNS is incapable of
recovering from injury. This concept has had a crippling effect on
research in neurorehabilitation, and we are just now recovering
from many years of indifference by neurologists.

Unfortunately, the “phenomenon of restitution” supported by
Goltz was also cast into the background as the concept for cortical
localization presented by Ferrier was accepted. In the 21st cen-
tury, the ability of the brain to recover from injury by reorganizing
itself and even generating new cells will be disclosed.

Jack H. Petajan, MD, PhD, Salt Lake City, UT

Reply from the Authors: We appreciate Dr. Petajan’s interest in
our recent article.1 From a modern perspective, it is clear that
localizationist and holistic views should be considered complemen-
tary rather than antagonistic approaches to understanding brain
function. Localizationist theory paved the way for the develop-
ment of modern neurosurgery, and we continue to use many of its
tenets in the clinical arena on a daily basis. The meticulous neu-
rohistologic studies of Ramon Y Cajal were instrumental in the
establishment of the “neuron doctrine.”2 The idea that neurons
formed the fundamental and discrete cytologic units of the CNS,
as opposed to being part of a vast interconnected reticulum or net,
provided additional scientific support for conceptions of a hard-
wired nervous system that might some day be deciphered as easily
as an electrical circuit diagram. Despite its obvious utility, the
limits of localizationist theory for truly understanding brain func-
tion was apparent to such astute 19th and early 20th century
clinicians as Hughlings Jackson, Henry Head, and Pierre Marie.
The work of Karl Lashley and Kurt Goldstein made it apparent
that strict localizationism was particularly deficient in explaining
many disorders of higher cognitive function (reviewed in Finger3).
At the same time, modern research in neuroscience has expanded
dramatically on the seminal studies by Ramon y Cajal of degener-
ation and regeneration in the nervous system, and has revealed a
degree of neuronal plasticity that would have amazed Ramon y
Cajal. It is however, patently unfair to state that Ramon y Cajal
cast in stone the belief that the CNS is incapable of recovering
from injury. Even a cursory reading of his magnum opus on de-
generation and regeneration of the nervous system4 reveals his
interest in identifying and circumventing factors that limited ef-
fective regeneration in the CNS. The capacity of neurons to alter
aspects of their function, chemical profile, and structure is now an
essential component of modern theories of learning and memory,
pain, epileptogenesis, and restitution of function following neural
injury. New neuroimaging techniques have provided us with won-
derful tools to visualize the complex and wonderfully choreo-
graphed interplay between diverse brain regions in the integrative
action of the nervous system. I can only hope, like Dr. Petajan,
that these discoveries will yield wonderful fruit as they make
their way into practical application in the field of neurorehabilita-
tion.

Kenneth L. Tyler, MD, Denver, CO
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Exacerbation of juvenile myoclonic epilepsy
with lamotrigine

To the Editor: Biraben et al.1 reported seven patients with juve-
nile myoclonic epilepsy (JME) myoclonus exacerbated by treat-
ment with lamotrigine (LTG), four of whom were taking LTG
monotherapy. As a result of this observation, they raised concerns
about the rationale of using LTG in the treatment of JME.

Because of possible weight gain, hair loss, and menstrual irreg-
ularities with valproic acid (VPA) treatment,2 we have used LTG
as a first-line therapy in women with JME. Our positive experi-
ence with the drug contrasts that reported by Biraben et al.

Retrospectively, 24 patients with an established diagnosis of
JME were identified. Diagnosis was established by clinical history
of sporadic generalized tonic-clonic (GTC) seizures, morning myo-
clonic jerks, and an EEG with generalized 3 to 4 Hz polyspike,
slow-wave complexes. The age range was from 15 to 53 years, with
a mean of 32 years. Twenty-one of the 24 patients were women.
Patients had been taking LTG therapy for an average of 23
months, ranging from 9 to 37 months. The mean dosage was 310
mg/d, ranging from 150 to 600 mg/d. In most patients, the target
dosage was empirically set at 300 mg/d, with some patients re-
quiring higher doses to achieve seizure or myoclonus control.
Lower doses were kept in case of adverse effects.

Only two of the 24 patients (8.33%) developed a dramatic exac-
erbation of myoclonus, leading to LTG therapy discontinuation.
An additional two patients had a mild increase in morning myoc-
lonus, but it was tolerable and transient (,2 months’ duration).
Other adverse effects included mild anxiety (4/24), mild transient
rash (2/24) (which was managed by dose reduction), and dizziness
(1/24).

Seizure control was excellent (seizure free) in 21/24 patients,
and sporadic GTC seizures continued in 2/24 patients. In one
patient, the occurrence of sporadic seizures was attributed to poor
compliance with therapy.

Other investigators have reported similar positive experience
with the use of LTG for treatment of JME.3,4 The differences in the
reported experience with LTG in JME may be due to a recruit-
ment bias. Biraben et al.1 mentioned that their patients were
likely medication resistant, referred to a tertiary center; whereas
in our center we see a more balanced population in terms of the
spectrum of seizure severity.

We agree that further studies are needed to establish the de-
gree of efficacy and tolerability of LTG in the treatment of JME
patients. We believe that in light of certain side effects that VPA
treatment presents to the female patient, LTG should be consid-
ered as an alternate option. Our experience suggest that exacerba-
tion of myoclonus is seen in a small number of patients.

Enrique J. Carrazana, MD, Steve D. Wheeler, MD, Miami, FL

Reply from the Authors: The interesting letter by Carrazana
and Wheeler on the use of LTG in JME indicates the efficacy of
this antiepileptic drug in certain forms of the disease, a finding
also reported by Buchanan.4 This observation is not in contradic-
tion with the exacerbation it caused in our patients because JME
is most certainly a heterogeneous entity. Firstly, it is known that
a variable percentage of patients with JME do not respond to
VPA. Fernando–Dongas et al.5 suggested that these patients could
have partial epilepsy. Secondly, in certain patients, neuropsycho-
logical tests demonstrate a frontal dysfunction not found in oth-
ers.6 Finally, from a genetic point of view, two disease-related loci
have been identified on two different chromosomes: 6 and 15.7,8

Our patients were referred to a tertiary center because of their
difficult management, and thus might constitute a particular sub-
group of JME; this particular phenotype might also be more fre-
quent in our recruitment. Keeping in mind this variability, and
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owing to the fact that no simple test has been developed to iden-
tify these patients, we believe it most important to emphasize the
need for utmost prudence when using LTG in patients with JME.

A. Biraben, MD, H. Allain, MD, PhD, J.-M. Scarabin, MD,
S. Schück, MD, G. Edan, MD, Rennes, France

Copyright © 2001 by AAN Enterprises, Inc.
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Correction

Chenodeoxycholic treatment of cerebrotendinous xanthomatosis
The reply to the letter “Chenodeoxycholic treatment of cerebrotendinous xanthomatosis” by Samenuk et al. (Neurology 2001;56:695–
696) was erroneously listed as a “Reply from the Authors.” Dr. Gerald Salen, who authored the reply, was not an author of the
original article but is a professor of medicine at the GI Research Laboratory, VA Medical Center, East Orange, NJ.
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