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Synopsis: In the first non-randomized trial of Quinacrine for the
treatment of prion diseases, there was no benefit in terms of sur-

vival or neurological outcome. 

Source: Collinge J, Gorham M, Hudson F, et al. Safety and efficacy of
quinacrine in human prion disease (PRION-1 study): A patient-prefer-

ence trial. Lancet Neurology 2009;8:334-344; Geschwind M. Clinical trials
for prion disease: Difficult challenges, but hope for the future. Lancet

Neurology 2009;8:304-306.

QUINACRINE, A DRUG USED TO TREAT CEREBRAL MALARIA AND

rheumatoid arthritis, does not significantly increase survival
in patients with prion disease, according to a clinical trial recent-
ly completed in the United Kingdom. Quinacrine may provide
transient neurologic benefits in some cases, however.

Quinacrine has been shown to prevent conversion of the nor-
mally occurring prion precursor protein (PrPC) to pathogenic
forms (denoted PrPSC) in cell cultures. This observation, com-
bined with the established ability of quinacrine to cross the
blood-brain barrier, motivated the PRION-1 study of quinacrine
in human prion disease.

The organizers of the PRION-1 trial recruited subjects through
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a national referral system in the U.K. In an initial
pilot study of 23 persons with prion disease, patients
were offered a choice of quinacrine, no quinacrine, or
randomization to immediate vs deferred quinacrine at
a total daily dose of 300 mg after loading. When only
one patient agreed to randomization, the subsequent
study was carried out in an open-label fashion, with
patient choice as the sole determinant of treatment.
The main study involved a total of 84 patients with
sporadic (45), iatrogenic (2), variant (18), and inherit-
ed (42) forms of prion disease. The primary endpoints
of the study were death and treatment response.
Treatment response was defined as improvement on
two or more neurologic rating scales without signs of
deterioration. 

Overall, twice as many patients chose to receive
quinacrine as no treatment. Although the data sug-
gested a possible mortality benefit in subjects receiv-
ing quinacrine, there was no significant reduction in
mortality after taking into account possible con-
founders such as disease severity, inherited vs
acquired disease and time since onset of symptoms.
Four of 40 patients taking quinacrine demonstrated
transient improvement on neurologic symptom rating
scales. However, all four of the responders sustained
quinacrine-related toxicities. 

The primary safety endpoint was the occurrence of
adverse events likely related to quinacrine. There
were 17 significant adverse effects reported in 16
patients on quinacrine, and 11 events, such as liver
function abnormalities and skin color changes, were
thought to be related to the drug. Although the trial’s

primary outcome measures were negative, the investi-
gators suggested that the positive effects observed in
a small number of subjects may warrant further study
of quinacrine in prion disease.

■■ COMMENTARY
Currently, a diagnosis of prion disease means

rapid, irreversible cognitive and behavioral decline
leading to premature death. To date, no agent that has
been tested in randomized, controlled trials has been
shown to prolong survival or improve cognition in
affected patients. Although mortality was not
decreased by quinacrine in the PRION-1 trial, tran-
sient neurologic benefits were seen in some patients.
Arguably, any improvement in a patient with prion
disease is a reason for encouragement. Unfortunately,
the four quinacrine-treated patients in this study who
improved on neurological rating scales, all suffered
adverse events, which limits the conclusions that can
be drawn. The authors are currently conducting fur-
ther analyses to pinpoint the nature of benefits seen.

In considering reasons for the trial’s failure, the
authors note that the quinacrine levels they achieved
in patients were probably lower than the concentra-
tions required to stop prion propagation in cell cul-
tures. In several cases, dosing of quinacrine was lim-
ited by its toxicity. A bright orange-yellow skin dis-
coloration often accompanies quinacrine use and this
prevented blinding of clinical raters to the treatment
arm. The designers of this study took an innovative
approach to this problem by videotaping exams with
black and white media and having them reviewed by
blinded raters. 

The PRION-1 study adds to our knowledge of the
neurological milestones in the course of prion disease
and highlights some of the hurdles that can stand in
the way of conducting clinical trials in patients with
this devastating illness. It is notable that subjects or
family members giving consent overwhelmingly pre-
ferred to decide their own treatment rather than
undergo randomization. The authors felt that patients
in the initial stages of disease, knowing its progres-
sive and fatal nature, would not accept possible ran-
domization to deferred treatment; caregivers for
patients in later stages of disease did not want the risk
of a treatment that might slightly extend life without
significant reversal of disease effects.

Currently, a double-blind controlled trial of
quinacrine in sporadic Creutzfeldt–Jakob disease is
being completed in San Francisco. That trial should
provide further information about survival time, neu-
rologic signs, cognitive effects and functional capaci-
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ty resulting from quinacrine administration in prion
disease. Another agent that showed activity against
prions in in vitro studies, doxycycline, is also under
study in Europe. To be effective, potential prion dis-
ease therapies may need to target the conversion of
normal cellular prion protein to PrPSC, and not just
clearance of the pathogenic form of the protein after
its generation. Other approaches to anti-prion therapy
that in vitro evidence suggests may prove useful,
include passive immunization, gene therapy, and cell
therapy.   ■

Pregnancy in Women with
Migraine: A Time of
Increased Vascular Risk
A B S T R A C T  &  C O M M E N T A R Y

By Dara Jamieson, MD

Associate Professor of Clinical Neurology, Weill Cornell
Medical College

Dr. Jamieson reports she is a retained consultant for Boehringer Ingelheim,
Merck, and Ortho-McNeil, and is on the speaker’s bureau for Boehringer
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Synopsis: Peripartum migraine increases the risk of
ischemic stroke, myocardial infarction, heart dis-
ease, and pulmonary embolus during pregnancy.
Women with persistent migraines during pregnancy
are at increased risk of gestational hypertension and
pre-eclampsia.

Sources: Bushnell CD, Jamison M, James AH. Migraines
during pregnancy linked to stroke and vascular diseases: US
population-based case-control study. BMJ 2009;338:b664.
doi: 10.1136/bmj.b664; Facchinetti F, Allais G, Nappi RE, et
al. Migraine is a risk factor for hypertensive disorders in
pregnancy: A prospective cohort study. Cephalalgia 2009;29:
286–292.

MULTIPLE STUDIES CONFIRM THAT MIGRAINE CONFERS

increased vascular risk, especially for women.
Cheryl Bushnell and her colleagues have expanded their
previously published work on risk factors for stroke dur-
ing pregnancy, which included African-American race,
age greater than 35 years, lupus, blood transfusion, and
migraine headaches. In this large sample of pregnant
women admitted to hospitals, they examined the associ-
ation between migraine and vascular diseases during

pregnancy, using a United States population-based case-
control study (the Healthcare Cost and Utilization Pro-
ject of the Agency for Healthcare Research and Quality).
ICD-9 codes for migraine and vascular diseases were
extracted from 18,345,538 pregnancy-related hospital
discharges from 2000 to 2003. Diagnoses that were
jointly associated with migraine codes during pregnancy
(excluding pre-eclampsia) were stroke [odds ratio (OR)
15.05, 95% confidence interval (CI) 8.26 to 27.4],
myocardial infarction/heart disease (OR 2.11, CI 1.76 to
2.54), pulmonary embolus/venous thromboembolism
(OR 3.23, CI 2.06 to 7.07), and hypertension (OR 8.61,
CI 6.43 to 11.54), as well as pre-eclampsia/gestational
hypertension (OR 2.29, CI 2.13 to 2.46), smoking (OR
2.85, CI 2.53 to 3.21), and diabetes (OR 1.96, CI 1.64 to
2.35). Migraine was not associated with several vascular
(cerebral venous thrombosis, subarachnoid hemorrhage)
and non-vascular (pneumonia, transfusions, postpartum
infection or hemorrhage) diagnoses. The study was not
able to differentiate between migraine with and without
aura, an important distinction in determining vascular
risk. The study did not determine whether the migraine
or the vascular condition came first, but concluded that
active migraine during pregnancy was a potential marker
of vascular disease. 

Facchinetti et al assessed whether women suffering
from migraine were at higher risk of developing hyper-
tensive disorders in pregnancy. The prospective cohort
study of 702 normotensive Northern Italian women with
singleton pregnancy at 11–16 weeks’ gestation excluded
women with a history of hypertension or hypertensive
disorders in pregnancy. The main outcome measure was
the onset of either gestational hypertension or
preeclampsia in the 270 women (38.5%) who were diag-
nosed with migraine (68.1% with migraine without
aura) according to the International Headache Society
criteria. The risk of developing hypertensive disorders in
pregnancy was higher in migraineurs (9.1%) compared
with non-migraineurs (3.1%) (OR adjusted for age, fam-
ily history of hypertension and smoking 2.85, 95% CI
1.40, 5.81). Women with migraine also showed a trend
to increased risk for low birth weight infants compared
to women without migraine (OR 1.97, CI 0.98, 3.98).
Women whose migraine headaches did not improve dur-
ing pregnancy had an increased risk of developing
hypertensive disorders in pregnancy (P = 0.001). 

■■ COMMENTARY
These two studies determined vascular conditions

(ischemic stroke, myocardial infarction, gestational
hypertension, pre-eclampsia) found with increased fre-
quency in pregnant women with migraine. Especially
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close monitoring of women with persistent migraine
headaches during pregnancy may prevent some of these
vascular complications of pregnancy. Further studies of
the specific pattern of migraine headaches during preg-
nancy may stratify vascular risk. Most women have sig-
nificant, albeit transient, relief of migraines during the
last two trimesters of pregnancy; the increased risk with
the persistence of migraines during pregnancy should be
evaluated for ischemic stroke and myocardial infarction.
These two studies were not able to differentiate risk with
migraine with or without aura; but data on the increased
vascular risk of non-pregnant women with migraine
with aura could possibly be extrapolated to predict an
even greater vascular risk in pregnant women with this
less common migraine type. 

Advising women with migraine with aura about their
reproductive options can be complicated. There is an
increased vascular risk with the use of oral contraceptives
in women with migraine with aura; yet pregnancy also
confers vascular risk in migraineurs. Reassuringly, the
vascular risk for women of reproductive age who have
migraine with aura is still extremely small and decisions
about contraception and pregnancy should be based on
personal preference, not fear of vascular events.   ■

CADASIL:Variable Genetics
Predict Unique Presentations
A B S T R A C T  &  C O M M E N T A R Y

By Alan Z. Segal, MD

Associate Professor of Clinical Neurology, Weill Cornell
Medical College

Dr. Segal reports no financial relationships relevant to this field of study.

Synopsis: The clinical features of CADASIL vary
depending on the specific mutation that is present in
the NOTCH3 gene. 

Source: Lee YC, Liu CS, Chang MH, et al. Population-spe-
cific spectrum of NOTCH3 mutations, MRI features and
founder effect of CADASIL in Chinese. J Neurol 2009, pub-
lished online DOI 10.1007/s00415-009-0091-3

CEREBRAL AUTOSOMAL DOMINANT ARTERIOPATHY WITH

subcortical infarcts and leukoencephalopathy
(CADASIL) is recognized as a heritable cause of
stroke, related to mutations in the NOTCH3 genome.
NOTCH3 codes for a large transmembrane protein

receptor, with an extracellular domain consisting of
multiple tandem repeats of an epidermal growth fac-
tor (EGF)-like molecule. The NOTCH3 gene consists
of 33 exons and the majority of CADASIL mutations
occur in exons 2-6. The NOTCH3 protein is rich in
cysteine-cysteine disulfide bonds. CADASIL muta-
tions typically consist of a substitution (often argi-
nine) for one of these cysteine residues. The normal
function of NOTCH3 is well recognized, as it plays
an integral role in cell signaling pathways during
development. It is not clear, however, how mutated
forms of NOTCH3 might cause the arteriopathy in
CADASIL.

Clinically, CADASIL may present with white mat-
ter infarcts, but may also present with migraine,
dementia, and other neuropsychiatric symptoms.
CADASIL may be diagnosed pathologically with the
finding on electron microscopy of granular
osmophilic material (GOM), adjacent to the basement
membrane of the smooth muscle cells within arteri-
oles. Although CADASIL is strictly a CNS disorder,
GOM can be found widely throughout the body, and
is most practically diagnosed on a skin biopsy. Neu-
roimaging in CADASIL shows confluent areas of
high signal on MRI (leukoaraiosis) and also more dis-
crete areas of lacunar infarction. Recently, it has been
suggested that involvement of the anterior temporal
lobe and external capsule was useful in differentiating
between CADASIL and the more common hyperten-
sive cerebral small vessel disease.

No clear gold standard for the diagnosis of
CADASIL exists since some patients lack a family
history (due to mild, unrecognized disease in family
members or de novo mutations), while others may
have a clinically classical syndrome, but lack genetic
findings. Sensitivity of skin biopsy is less than 50% in
some series. MRI findings cannot be considered
pathognomonic. Furthermore, while CADASIL was
initially identified and thought to be clustered in
European populations, recent large series have been
published from Korea and, in the current report, in a
Chinese population in Taiwan. 

Lee et al report on 39 patients with clinically sus-
pected CADASIL, 21 having NOTCH3 mutations.
Almost half of the mutations were found to be
R544C, an arginine substitution for cysteine on exon
#11. Interestingly, 85% of the mutations in the recent-
ly reported Korean population were also in exon 11
(the vast majority but not all of these were R544C).1

In contrast to these findings among Asians, a large
British series found 94% of the mutations in exons
2–6, in keeping with prior French and other European
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populations.2 Only 10% of patients in the Korean
population and 28% of the current Taiwanese series
had mutations in this more centromeric section of the
chromosome.

No patient with the R544C mutation in either the
Taiwanese or Korean study was from a common pedi-
gree, suggesting a “founder effect” from a common
remote ancestor. Such population genetics would be
expected in island populations and for a disorder such
as CADASIL that occurs later in life and does not
affect fertility.

In the current study, six intracerebral hemorrhages
(ICHs) were found in five patients (24%), all of whom
had a history of hypertension, three having prior treat-
ment with aspirin. All of these patients had R544C
mutations. MRI showed white matter hyperintensities
in the anterior temporal lobe in 43%, in contrast to the
recent British study, which showed sensitivity of 89%
and specificity of 86% for this finding. MRI localiza-
tion appears to correlate with genetics, since all of the
patients in the current study with mutations in exons
2–6 had anterior temporal lobe findings, while only one
of the patients with R544C in exon 11 had involvement
of this area. In addition, the Korean cohort again seems
to match the Taiwanese much more closely showing on
20% anterior temporal lobe involvement. Similarly, the
Korean population had a 25% hemorrhage rate (all hav-
ing the R544C mutation). None of the patients in the
British series were reported to have hemorrhage.

■■ COMMENTARY
One weakness of Lee’s study is that skin biopsies

were either negative or not done, limiting pre-genomic
diagnostic accuracy to clinical and radiologic grounds.
Nevertheless, these data provide an elegant example of
how the clinical spectrum of a disease can be closely
correlated with its population genetics. While the pre-
cise mechanism through which a NOTCH3, exon 11,
R544C mutation might produce CADASIL is
unknown, its unique clinical phenotype is easily recog-
nizable. Asian patients lack the classical anterior tem-
poral leukoaraiosis seen in Western cohorts, but more
often present with hypertension and ICH. Whether
hypertension and CADASIL interact in an additive
fashion to produce ICH is unknown. From a therapeu-
tic perspective, aspirin therapy might be prescribed for
patients presenting primarily with ischemic disease,
but might be withheld from Asians at risk for bleeding.

Lee’s study is a fascinating example of how a syn-
drome with varied clinical features might be a direct
manifestation of heterogeneity in its underlying
genetics. The next step is to investigate how these

various genotypes can functionally produce such
marked differences in brain pathology.

References
1. Choi JC, Kang SY, Kang JH, et al. Intracerebral hem-

orrhage in CADASIL. Neurology 2006; 67: 2042.
2. Markus HS, Martin RJ, Simpson MA, et al. Diagnostic

strategies in CADASIL. Neurology 2002; 59: 1134.   ■

Inclusion Body Myositis:
A Final Word
A B S T R A C T  &  C O M M E N T A R Y

By Michael Rubin, MD

Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports that he receives grant/research support from Pfizer and 
is on the speaker’s bureau of Athena Diagnostics.

Synopsis: Inclusion body myositis remains a mystery–
the underlying cause and pathogenesis have yet to be
fully understood. 

Source: Karpati G, O’Ferrall EK. Sporadic inclusion body
myositis: pathogenic considerations. Ann Neurol 2009;65:
7-11.

SPORADIC INCLUSION BODY MYOSITIS (IBM) IS THE

most common acquired myopathy with onset over
the age of 50 years. Unresponsive to therapy, its etiol-
ogy remains a puzzle. In this paper, the last published
in his lifetime, George Karpati, who in 1978 first
described IBM as a distinct clinical and pathological
entity, offers a final word on its pathogenesis.

Categorized as an inflammatory myopathy, both
degenerative and inflammatory changes are seen
pathologically. Myonuclear abnormalities, including
the presence of 18-nm tubular filaments, rimmed vac-
uoles, small-caliber muscle fibers, increased
endomysial connective tissue, muscle fiber hypertro-
phy, and ragged red fibers suggesting mitochondrial
abnormalities, comprise the degenerative changes
reported. Cytoplasmic–amyloid accumulation, reput-
edly myotoxic, has been described by some, but not
found by others. None of these findings are diagnostic
in isolation but the constellation of these features is
characteristic. Endomysial CD8+ lymphocyte and
macrophage collections with partial invasion of these
cells into nonnecrotic muscle fibers, as well as
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endomysial dendritic and CD138+ plasma cells,
encompass the inflammatory features of IBM.

Proposed pathogenic paradigms ascribe either a pri-
mary role to inflammation with degenerative changes
the resulting byproduct, or the reverse, with degenera-
tive changes believed to be primary, and inflammation
a secondary phenomenon. The firm skeptic (George
Karpati) accepts neither scenario. Inflammation-first
advocates suggest that an antigenic trigger, perhaps a
virus, provokes a process, including clonal expansion
of CD8+ lymphocytes and release of proinflammatory
cytokines and chemokines, which results in cell injury
and death. Arguing against this scenario is the lack of
therapeutic benefit with immunosuppression, the
paucity of necrosis and regeneration in sporadic IBM,
and the absence of inflammatory changes in the inher-
ited form. Degeneration-first advocates offer that, well
before clinical symptoms begin, alterations of the
myonuclear matrix putatively develops, resulting in
transcriptional or RNA-handling dysregulation and
nuclear membrane dissolution, with rimmed vacuole
and tubular filament formation. Subsequent inflamma-
tory changes may be immune mediated. Hereditary
IBM lacks these inflammatory changes, arguing
against this theory as well. Most plausibly, inflamma-
tory and degenerative changes occur independently,
the consequence of hitherto undiscovered agents, and
it is to these agent(s) provocateurs that future research
should best be directed to resolve the controversy and
ultimately offer efficacious treatment.

■■ COMMENTARY
George Karpati, 1934–2009, was a man of epic

achievements. Husband, father, teacher, mentor,
physician, scientist, Chevalier de l’ordre National du
Québec, and—his proudest accomplishment (person-
al communication)—officer of the Order of Canada,
Canada’s highest civilian honor, George Karpati still
had much to contribute. This writer had the privilege
to be trained under him and owes his professional
advancement, at least in part, to him. Always avail-
able for counsel and advice, either professional or
personal, by phone or email, he was able to quickly
recognize the issue at hand, direct listeners on the
best course of action, and intervening himself if he
felt it warranted. Many will miss him.   ■

Long-term EEG Monitoring:
‘Holter’ Monitor for the Brain 

A B S T R A C T  A N D  C O M M E N T A R Y :

By Padmaja Kandula, MD 

Assistant Professor of Neurology and Neuroscience, 
Comprehensive Epilepsy Center, Weill Medical College

Dr. Kandula reports no financial relationships relevant to this field of study.

Synopsis: The authors in this retrospective study
review their experience in long term EEG monitoring
(LTM) and utility in the clinical diagnosis and classifi-
cation of epilepsy. 

Source: Yogarajah M, Powell HW, Heaney D, et al. Long
term monitoring in refractory epilepsy: the Gowers Unit
experience. J Neurol Neurosurg Psychiatry 2009;80:305-311.

HISTORICALLY, THE GOLD STANDARD IN ESTABLISHING

or refuting a diagnosis of epilepsy or seizures
has been the electroencephalogram. Advances in neu-
rophysiology, including digital long-term monitoring,
have helped increase the yield of capturing and char-
acterizing paroxysmal symptoms. In response to this
ever-growing technology, the International League
Against Epilepsy (ILAE) released a 2007 position
paper outlining the recommended applications for
long-term recording, including detection, characteri-
zation, and quantification of electroclinical seizures
in epilepsy, differentiation of epileptic and non-
epileptic events, and identification of subclinical
seizures in comatose patients. In this article, the
authors scrutinize their own database of long-term
monitoring cases over a consecutive one-year period
and report their findings in the context of the estab-
lished guidelines. 

From 2005–2005, 364 patients at the Gowers Cen-
ter were retrospectively identified and met criteria for
inclusion into the study. Patients who had been previ-
ously monitored at the center were excluded. Patients
were admitted to the unit for either inpatient ambula-
tory EEG or inpatient video EEG. Both the admitting
and discharge diagnoses were recorded for each case.
The reason for admission was divided into three dis-
tinct categories: diagnostic clarification, medication
changes, and presurgical evaluation. For those admit-
ted for diagnostic clarification, pre- and post-admis-
sion diagnoses were compared. Patients were then
stratified into one of three categories after long-term
monitoring: no change in diagnosis, refinement in
diagnosis, and change in diagnosis. All epilepsy diag-
noses were classified as focal, idiopathic generalized,
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or symptomatic/cryptogenic generalized according to
the International Classification of Epileptic Seizures
and Epileptic Syndromes (ILAE) guidelines.

Of the 364 patients, 230 patients were referred for
diagnostic clarification (63%), 75 (21%) for medica-
tion changes, and 59 (16%) for presurgical evaluation.

Of the 230 patients, 58% of patients had a change
in diagnosis and 13% had a refinement in diagnosis.
Slightly fewer than one third of patients had no change
in diagnosis. In the no-change subgroup, 75% of the
patients had an inconclusive study for either lack of
habitual events or uninformative interictal data.

In those with a change of diagnosis, long-term
monitoring helped distinguish between epileptic and
non-epileptic events in 73 out of 133 patients (55%)
and between focal and generalized epilepsies in 47
out of 133 patients (35%). In the 29 patients who had
a refinement in diagnosis, seizure focus was lateral-
ized to the frontal lobe in 59% of the patients. 

The mean duration of video telemetry (VT) and
inpatient ambulatory EEG (aEEG) in those patients
with change in diagnosis was 69.9 and 59.7 hours. In
those patients where monitoring led to a refinement in
diagnosis, mean duration of monitoring was 54.5 and
33.8 hours respectively. 

COMMENTARY
Over the years, much debate has ensued regarding

the diagnostic yield of routine, 30-minute EEGs.
Prior studies have shown that single 30-minute awake
EEGs have identified abnormalities in approximately
50% of patients.1 Provocative maneuvers such as
sleep deprivation and repeat studies have increased
sensitivity to the 70%–85% range.2 However, this still
leaves a large subgroup of patients with normal rou-
tine EEG and no clear clinical diagnosis. What com-
plicates matters further is that a persistently normal
EEG does not exclude the diagnosis of epilepsy. On
the other hand, epileptiform potentials can occur
without a history of seizures, reflecting underlying
pathology without a clear clinical correlate. Histori-
cally, it is this gap in the ability to support or refute
epilepsy that has sparked the development and use of
long-term EEG monitoring. 

A drawback of this study is a lack of detailed infor-
mation regarding prior workup (including EEGs,
imaging, and clinical history) before entrance into the
center. As a tertiary referral center, the high diagnos-
tic yield seen in this study may in part be due to
patient selection bias. Perhaps a larger methodologi-
cal flaw was in the arbitrary selection of inpatient
ambulatory monitoring (without video) versus video

monitoring. In the case where both ambulatory and
video EEG monitoring were used during the admis-
sion, the rationale for the combined modalities was
not clearly explained. In the group of patients that dif-
ferentiated non-epileptic events from epilepsy, nearly
40% underwent both modalities versus 14% in those
patients where monitoring distinguished between
generalized and focal epilepsies. The reader is left to
the assumption that perhaps actual video monitoring
was required to establish a diagnosis of non-epileptic
events. Thus, the authors were not able to clearly
demonstrate whether inpatient aEEG may be as effec-
tive as video EEG in distinguishing between non-
epileptic events and seizures and discriminating
between focal and generalized epilepsies. 

This paper highlights two scenarios where inpa-
tient monitoring may be clinically useful: 1.) in dif-
ferentiating non-epileptic events from seizures; and
2.) in differentiating focal (predominantly frontal)
versus generalized epilepsy. Currently, long-term
EEG monitoring is not recognized by all physician
groups, but as per-unit cost of digital EEG and
recording equipment continues to fall and availability
of a skilled neurophysiology team rises, long-term
monitoring may be not just limited to tertiary referral
centers, but may become part of a community hospi-
tal service. 

References
1. Ajmone-Marsan C, Zivin LS. Factors related to the

occurrence of typical paroxysmal abnormalities in the
EEG records of epileptic patients. Epilepsia 1970;11:
361-381.

2. Binnie CD, Rowan AJ, Overweg J, et al. Telemetric
EEG and video monitoring in epilepsy. Neurology
1981;31:298-303.   ■

CME Questions

47. According to the studies reviewed, which of the following is not
found more frequently in pregnant migraineurs?

a. Myocardial infarction
b. Cerebral venous thrombosis 
c. Gestational hypertension
d. Ischemic stroke
e. Pulmonary embolus
d. All of the above 

48. All of the following statements about CADISIL are correct
except:
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a. CADISIL is caused by a mutation in the Notch3 gene.
b. Patients with CADISIL always have a family history.
c. Brain MRI shows a variable pattern of white matter disease.
d. Skin biopsy is diagnostic in about 50% of cases.

49. Sporadic inclusion body myositis (IBM):

a. is the most common acquired myopathy over the age of 50
years.

b. may be a primary inflammatory disease with degenerative
changes as a byproduct.

c. may be a primary degenerative disease with inflammatory
changes as a byproduct.

d. may be neither of the above.
e. Based on current knowledge, all the above are equally correct 

50. Long-term EEG monitoring is able to distinguish epileptic
from non-epileptic events

a. True 
b. False

51. All of the following are true about quinacrine except:

a. It exerts anti-prion effects in cell cultures
b. It turns patients’ skin orange-yellow
c. It exerts transient neurologic benefits in some patients with

prion disease
d. It prolongs survival in patients with prion disease.

Answers: 47. b, 48. b, 49. e, 50. a, 51. d
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CME Objectives
The objectives of Neurology Alert are:
• To present the current scientific data regarding diag-

nosis and treatment of neurological disease, including
stroke, Alzheimer’s disease, transient ischemic attack, and
coma;

• To discuss the pathogenesis and treatment of pain;
• To present basic science lessons in brain function;
• To discuss information regarding new drugs for com-

monly diagnosed diseases and new uses for traditional
drugs;

• To discuss nonclinical issues of importance to neu-
rologists, such as the right to die and the physician’s
legal obligation to patients with terminal illness.   ■

CME Instructions
Physicians participate in this continuing medical

education program by reading the articles, using the
provided references for further research, and studying
the CME questions. Participants should select what
they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To
clarify confusion surrounding any questions answered
incorrectly, please consult the source material. 

After completing this activity, participants must
complete the evaluation form provided at the end of
each semester (June and December) and return it in
the reply envelope provided to receive a credit letter.
When an evaluation form is received, a credit letter
will be mailed to the participant. ■



Best management of
acute ankle sprain
Source: Lamb SE, et al. Mechanical
supports for acute ankle sprain. Lancet
2009;375:575-581.

ASEVERE ANKLE SPRAIN (ANK-S)

might seem like a minor injury, but
clinicians may be underestimating the
burden of consequence. In addition to
the immediate period of limited mobili-
ty, full functional restoration takes
between 3-9 months for as many as 70%
of affected individuals. Indeed, it is not
uncommon to see long-term symptoms
referable to the ankle sprain, including
recurrent swelling, pain, and limitation
of activity. Because ANK-S is a com-
monplace event, confirming the best
approach to initial management merits
investigation.

Lamb et al randomized participants
presenting to EDs in the United King-
dom with severe ANK-S (n = 584) to 1
of 4 treatments: an Aircast® brace, Bled-
soe boot, below-knee cast, or double-
layer tubular compression bandage.

Participants generally used treat-
ments short-term, i.e., 10 days, and then
PRN. Tubular compression bandage
was the least efficacious method at 1, 3,
and 9 months and was similar in effica-
cy to the Bledsoe boot. The below-knee
cast was the most effective treatment,
but Aircast outcomes were similar for
ankle functionality at 3 months. Overall,
the below-knee cast showed the best
early symptomatic recovery, as well as
functional recovery by 3 months.
Although the philosophy of early mobi-
lization has achieved some popularity,
these data would suggest that tools that
limit mobilization early (i.e., cast, Air-

cast), should be considered preferential.
(Note: There is more than one Bledsoe
boot; because Bledsoe provides boots
with either flexion-extension mobility or
full immobilization, it is possible that
other versions of the Bledsoe boot might
be more efficacious).  ■

Metabolic syndrome
and salt sensitivity
Source: Chen J, et al. Metabolic syn-
drome and salt sensitivity of blood pres-
sure in non-diabetic people in China.
Lancet 2009;373:829-835.

ALTHOUGH DEFINITIONS OF WHAT

constitutes metabolic syndrome
(MBS) vary, there is general agreement
that insulin resistance (IR) is a funda-
mental component. By leading to sodi-
um retention, IR may contribute to the
development of hypertension (HTN).

Blood pressure effects of salt restric-
tion are highly variable, but one would
anticipate that MBS subjects might
respond more intensely based upon the
IR-to-sodium retention link. To investi-
gate this, Chen et al studied 1881 nondi-
abetic subjects, of whom 283 had MBS.
All participants were fed a low-sodium
diet (= 3 g NaCl/d) for 7 days, followed
by a high-sodium diet (= 18 g NaCl/d)
for 7 days. At baseline, the mean BP in
the MBS group was 128/81 mm Hg vs
115/72 mm Hg in those without MBS.  

High-salt sensitivity was defined as a
BP change of 5 mm Hg or more in
response to dietary salt modulation. At
the end of each diet period, MBS sub-
jects had a threefold or greater odds
ratio for high-salt sensitivity (both to a
rise in BP with sodium load, as well as a
reduction in BP with sodium restric-

tion). The benefits of salt restriction in
persons with MBS may be more sub-
stantial than the general population.  ■

Oseltamivir-resistant
influenza
Source: Dharan NJ, et al. Infections
with oseltamivir-resistant influenza
A(H1N1) virus in the United States.
JAMA 2009;301:1034-1041.

PROGRESSIVE RESISTANCE OF INFLUEN-
za A virus (FLU-A) to adamantanes

(i.e., amantadine, rimantadine) led to the
2006 CDC recommendation against
their use. Initial resistance patterns of
next-generation pharmacotherapies for
FLU-A, the neuraminidase inhibitors
(i.e., oseltamivir, zanamivir), were very
reassuring. Recently, growing resistance
patterns to oseltamivir (OSTV) are
shaping revised CDC recommendations.

Volunteer clinicians around the Unit-
ed States, known as sentinel physicians,
monitor patients who present with
influenza-like illness and send samples
to the CDC for confirmation of influenza
virus status. Among FLU-A viruses
assessed in the 2007-2008 influenza sea-
son, only 12.3% were OSTV-resistant.
Comparison of the demographics of sub-
jects with OSTV-resistant FLU-A to
subjects with non-resistant profiles did
not provide any insight into particular at-
risk groups (or protected groups), includ-
ing age, geography, symptoms, etc.

OSTV resistance profiles changed
dramatically in the FLU-A samples
from Sept. 28, 2008, to Feb. 19, 2009:
98.5% of H1N1 FLU-A samples
(264/268) were OSTV-resistant! Experts
are uncertain about the mechanism by
which OSTV resistance has proliferated.
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Current options in an environment of
high OSTV resistance include zana-
mivir, or OSTV plus rimantadine.  ■

Low back radiology:
Roadmap or mirage?
Source: Chou R, et al. Imaging strate-
gies for low-back pain. Lancet
2009;373:463-472.

LOW BACK PAIN (LBP) IS RESPONSIBLE

for as much as one-third of all dis-
ability dollars spent in the United States.
When patients present with acute LBP,
clinicians are tempted to perform radio-
graphic studies (MRI, CT, plain films)
to try to identify the source of the symp-
tomatology. Unfortunately, the prepon-
derance of current evidence suggests
that findings commonly reported on
radiographic studies such as narrowed
disk space, loss of lumbar lordosis, and
osteoarthritic changes, are just as com-
mon in asymptomatic volunteers as in
symptomatic LBP sufferers. 

Chou et al performed a meta-analysis
of clinical trials which enrolled patients
and included immediate imaging (CT,
MRI, or plain films) and compared them
with trials of similar patients who did not
undergo imaging (total n = 1804). In
addition to reporting radiography utiliza-
tion, included trials had to provide infor-
mation on outcomes of pain or function,
quality of life, mental health, overall
improvement, and patient satisfaction.

Chou et al found that in the absence
of signs of a serious underlying condition
(e.g., fever, weight loss, history of can-
cer), immediate imaging was not associ-
ated with improved outcomes. Indicative
of the need for more public education,
the article also reminds us that in one
study, patient preference to undergo radi-
ography was as high as 80%.

Routine radiography for acute LBP
does not improve outcomes, is associat-
ed with substantial cost, and may sug-
gest pathology which is, in effect, unre-
lated to the symptomatology.  ■

Bariatric surgery and
reversal of dysglycemia
Source: Salinari S, et al. First-phase
insulin secretion restoration and differen-
tial response to glucose load depending
on the route of administration in type 2
diabetic subjects after bariatric surgery.
Diabetes Care 2009;32:375-380.

MOST TYPE 2 DIABETICS (DM2) WHO

undergo bariatric surgery enjoy a
prompt reversal—or at least a substantial
diminution—of their dysglycemia.
These salutary effects occur both after
malabsorptive surgery (diverting the
digestive tract around to bypass compo-
nents of the small intestine) or restrictive
surgery (diminishing gastric capacity).
The mechanisms by which surgery
improves glucose regulation appear to
go beyond simple weight loss; indeed,
glucose regulation improves well before
meaningful weight loss has occurred,
suggesting that some change in intestinal
glucose modulation factors must be
involved.

Salinari et al studied glucose metabo-
lism in 9 DM2 subjects who underwent
biliopancreatic diversion bariatric surgery,
comparing their glucose metabolism with
healthy, normal-weight controls.

The healthy pancreas provides a
bolus of preformed insulin immediately
in response to mealtime increases in
plasma glucose. One of earliest manifes-
tations of DM2 is loss of first-phase
insulin secretion, leading to a consistent
mismanagement of glucose, since early
elevations of plasma glucose are not met
with a prompt matching insulin bolus. In
this trial, the first-phase insulin response
was restored by 1 month after surgery.

Similarly, beta-cell responsiveness to
glucose elevation was normalized; and
lastly, insulin sensitivity was restored to
essentially normal. Concordant with the
concept that elimination of some intesti-
nal component is central to these phe-
nomena, sensitivity to oral glucose was
improved to a greater degree than was
intravenous glucose. Incretin levels
(GLP, GIP), however, were unchanged.

Malabsorptive bariatric surgery pro-
vides prompt regression of DM2, appar-
ently due (at least in part) to some as yet
unidentified intestinal hormone, and
independent of identified incretin hor-
mones such as GLP and GIP.  ■

Herpes zoster in TNF-
treated RA patients 
Source: Strangfeld A, et al. Risk of her-
pes zoster in patients with rheumatoid
arthritis treated with anti-TNF-α agents.
JAMA 2009;301:737-744.

THE EVOLUTION OF PHARMACOTHERA-
py for rheumatoid arthritis (RA) has

led to the development of agents which,
at least, offer major symptomatic
improvement, and at best, promise
remission. Because TNF agents involve
modulation of steps critical to immune
integrity, vigilance for serious bacterial
infections is required. Yet, whether TNF
agents impact the incidence of viral
infections, which is also important, has
been little-studied. Population studies on
patients with RA have demonstrated a
doubling of risk for herpes zoster com-
pared to a control population. 

Strangfeld et al enrolled RA patients
(n = 5040) receiving either TNF agents
or conventional DMARDS, such as
methotrexate. Herpes zoster incidence
was monitored over 36 months. 

Overall, TNF agents were associated
with an increased zoster incidence (haz-
ard ratio = 1.82) compared to conven-
tional treatment. Among the TNF
agents, there was a distinct difference
between etanercept, which did not show
a statistically significant increase in
zoster risk, vs infliximab and adalimum-
ab, which did. The authors suggest that
patients treated with the latter two
agents merit particular vigilance for
early signs and symptoms of herpes
zoster to allow prompt intervention.  ■
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In this issue: Aspirin dose and cardiopro-
tection; uncovering modafinil’s abuse potential;
proton-pump inhibitors and clopidogrel; FDA
actions.

Finding pharmaceuticals in natural products
Some natural products are not so “natural”

after all. The FDA has warned consumers for sev-
eral months that a number of weight-loss prod-
ucts contain undeclared pharmaceutical
ingredients. The newest products to join the list
are Herbal Xenicol which contains cetilistat (a
drug similar to orlistat that is not approved in
this country), as well as Slimbionic and Xsvelten,
both of which contain sibutramine (the prescrip-
tion medication also known as Meridia®). The
FDA’s list of over-the-counter weight-loss agents
that contain undeclared active pharmaceutical
ingredients now includes 72 products. Some of
the other undeclared pharmaceutical ingredients
found in these products include fenproporex (an
amphetamine derivative no longer available in
this country), fluoxetine (Prozac®, an SSRI),
furosemide (Lasix®, a loop diuretic), and even
phenytoin (Dilantin®, an antiseizure medication).
The FDA is seeking recalls on many of these
products; however, some are available only on-
line and previous recall efforts have proved 
inadequate. 

In a related story, the FDA has announced a
voluntary recall of Zencore Plus, the heavily mar-
keted product for “natural male enhancement,”
which has been found to contain benzamidenafil,
a new PDE5 inhibitor not yet available in this
country. Benzamidenafil is similar in action to
sildenafil (Viagra®) and tadalafil (Cialis®). PDE5
inhibitors are noted to have a drug interaction

with nitrates, leading to potential life-threatening
risk of sudden and profound drop in blood pres-
sure. Zencore Plus is distributed by Hi-Tech
Pharmaceuticals in Norcross, GA, and is widely
sold in health food stores, by mail order, and by
Internet sales.

Aspirin dose and cardioprotection
What is the best dose of aspirin for patients

taking dual therapy with clopidogrel to prevent
cardiovascular events? Investigators looked at
15,595 patients with cardiovascular disease or
multiple risk factors in an observational analysis
from a double-blind, placebo-controlled random-
ized trial. Patients were randomized to doses of
aspirin less than 100 mg (75 mg or 81 mg), 100
mg, or greater than 100 mg (150 mg or 162 mg)
with or without clopidogrel. The primary efficacy
outcome was the composite of myocardial infarc-
tion, stroke, or cardiovascular death and the pri-
mary safety endpoint was severe life-threatening
bleeding. In patients given aspirin alone, the haz-
ard ratio for the efficacy and safety endpoints
were the same regardless of aspirin dose. In
patients given aspirin with clopidogrel, there was
a statistically nonsignificant associated reduction
in efficacy with aspirin doses over 100 mg, and a
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significantly higher increase in harm (hazard
ratio, 1.30 with clopidogrel plus aspirin greater
than 100 mg). The authors conclude that daily
doses of aspirin greater than 100 mg were not
associated with benefit and may be associated
with harm in patients also taking clopidogrel.
Therefore, daily doses of aspirin 75-81 mg opti-
mize efficacy and safety in patients requiring
long-term aspirin therapy, especially in patients
receiving dual antiplatelet therapy (Ann Intern
Med 2009;150:379-386). This is especially impor-
tant given the recent U.S. Preventive Services
Task Force recommendation that encourages men
ages 45-79 years to take aspirin preventively
when the potential benefit of a reduction of
myocardial infarction outweighs the potential
harm of an increase in gastrointestinal hemor-
rhage. Women ages 55-79 years are also encour-
aged to use aspirin when the potential benefit of
a reduction in ischemic stroke outweighs the
potential harm of increased gastrointestinal hem-
orrhage (Ann Intern Med 2009;150:396-404). 

PPIs and clopidogrel
Increasing evidence suggests that proton pump

inhibitors (PPIs) may attenuate the effect of clopi-
dogrel on platelet aggregation. PPIs are often
used prophylactically in patients with acute coro-
nary syndrome (ACS), as patients on clopidogrel
and aspirin may be at higher risk for GI bleeding.
A new study from VA researchers was set up to
determine if there are clinical implications from
the interaction between PPIs and clopidogrel. 

In a retrospective cohort study of 8205 patients
with ACS taking clopidogrel, 63.9% were also
prescribed a PPI at discharge, during follow-up,
or both. Death or rehospitalization for ACS
occurred in 20.8% of patients taking clopidogrel
without a PPI and 29.8% patients taking clopido-
grel with a PPI. Use of clopidogrel plus a PPI was
associated with an increased risk of death or
rehospitalization for ACS compared with use of
clopidogrel without a PPI (adjusted odds ratio,
1.25; 95% confidence interval, 1.11-1.41). Patients
taking a combination of the two drugs were at
higher risk for hospitalizations for ACS and
revascularization procedures, but not for all-
cause mortality. Patients taking a PPI without
clopidogrel were not at higher risk for rehospital-
ization. The authors conclude that concomitant
use of clopidogrel and a PPI after hospital dis-
charge for ACS is associated with an increase risk
of adverse outcomes, suggesting that PPIs may
attenuate the benefits of clopidogrel, and that

PPIs should only be used with clopidogrel if
there is a clear indication, and not for routine pro-
phylaxis (JAMA 2009;301:937-944).

Modafinil’s abuse potential
Modafinil (Provigil®) is a wake-promoting

medication used to treat narcolepsy and other
sleep disorders. Recently, the drug has be used
off-label to enhance cognition in psychiatric
patients and even in healthy patients seeking a
memory boost. Modafinil has been touted as hav-
ing a low abuse potential; however, a new study
questions that assumption. Most stimulant med-
ications, such as methylphenidate and ampheta-
mine, increase brain dopamine levels. Modafinil
was thought to exert its effect in the brain on
pathways other than dopamine, but now there is
evidence that dopamine is involved. Researchers
from the National Institute on Drug Abuse
looked at 10 healthy male volunteers to measure
the effects of modafinil at therapeutic dosing of
200 mg and 400 mg given orally. PET scans were
used to measure the effect of modafinil on extra-
cellular dopamine and dopamine transporters.
Modafinil increased extracellular dopamine and
showed evidence of occupancy of dopamine
transporters, effects similar to drugs with the
potential for abuse. The authors conclude that,
considering the increasing use of modafinil, there
needs to be heightened awareness for potential
abuse of and dependence on modafinil in vulner-
able populations (JAMA 2009;301:1148-1154).

FDA Actions 
The FDA is requiring the manufacturers of

metoclopramide (Reglan®) include a boxed warn-
ing on their labeling regarding the risk of long-
term or high-dose use and tardive dyskinesia.
Manufacturers will also be required to implement
a risk evaluation and medication strategy (REMS)
to ensure patients are provided with a medication
guide that discusses the risk. Metoclopramide is
approved for the treatment of gastric motility
problems associated with GERD, diabetic gastro-
paresis, and nausea and vomiting. 

A new proton pump inhibitor has been
approved by the FDA, bringing the number of PPIs
on the market to six. Dexlansoprazole is the puri-
fied active isomer of lansoprazole (Pepcid®). The
drug has a delayed-release formulation designed to
provide two separate releases of the medication. It
is approved for the treatment of GERD and erosive
esophagitis. Takeda Pharmaceuticals will market
dexlansoprazole as Kapidex™. ■
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