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Synopsis: Mild TBI may be associated with brain microhemor-
rhages and white matter disruption, even with mild or absent
symptoms of a postconcussion syndrome. 

Sources: Hähnel S, et al. Prevalence of cerebral microhemorrhages in
amateur boxers as detected by 3T MR Imaging. AJNR Am J Neuroradiol
2008;29:388-391; Hoge CW, et al. Mild traumatic brain injury in U.S. Sol-
diers returning from Iraq. N Engl J Med 2008;358:453-463; Kraus MF, et
al. White matter integrity and cognition in chronic traumatic brain injury:

a diffusion tensor imaging study. Brain 2007;130(Pt 10):2508-2519; 
Meares S, et al. Mild traumatic brain injury does not predict 

acute postconcussion syndrome. J Neurol Neurosurg Psychiatry
2008;79:300-306.

TRAUMATIC BRAIN INJURY (TBI) IS A SIGNIFICANT PUBLIC HEALTH

problem (incidence is between 180 and 500 per 100,000 popu-
lation per year), and is the most common neurological cause for
hospital admission.1 The Iraq war has refocused U.S. physicians on
this problem, as the military and veterans’ health services in this
country have been overwhelmed by returning soldiers with serious
brain injuries who have survived their bodily injuries. It is estimat-
ed that as many as 18% of returning soldiers (of 1.5 million
deployed) have suffered at least a mild head injury, with persistent
postconcussion symptoms such as irritability, memory problems,
headache, and difficulty concentrating.1 These numbers represent a
staggering demand on our health care system, and the recently pub-
lished studies that we will review in this issue, shed additional light
on how we, as neurologists, might approach this problem. 
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Hoge and colleagues from the Walter Reed Army
Institute of Research screened 2525 infantry soldiers 3-4
months after their return from year-long deployment in
Iraq. Of these soldiers: 124 (4.9%) reported injuries with
loss of consciousness (LOC), 260 (10.3%) reported
injuries with altered mental status, and 435 (17.2%)
reported other injuries during deployment. Of those
reporting LOC, 43.9% met criteria for post-traumatic
stress disorder (PTSD), compared with 27.3% of those
who reported altered mental status, 16.2% with other
injuries, and 9.1% with no injuries. Soldiers who had
mild TBI and reported LOC were more likely to report
poor general health and missed work days, but after
adjustment for PTSD and depression, mild TBI was no
longer associated with poor physical health outcomes.
Based on their survey, the authors concluded that mild
TBI is associated with poor health outcomes only in
those patients who develop PTSD or depression. They
questioned the validity of “postconcussion syndrome”
as a specific neurological diagnosis, and suggested
that these symptoms might be part of a psychological
disorder. 

Meares et al studied a consecutive group of 90
patients admitted to a level 1 trauma unit with mild
TBI who were diagnosed with postconcussion syn-
drome (PCS). Using a checklist of symptoms, and
comparing the TBI group with 85 non-brain injured
hospitalized controls, they looked at the variables that
predicted the development of persistent PCS
(headache, dizziness, fatigue, anxiety, irritability).
They found that the diagnosis of PCS was not specific
to patients with TBI; it occurred in 43.3% of those

with TBI and in 43.5% of controls. The strongest pre-
dictor of PCS after any type of injury was the pres-
ence of a previous affective or anxiety disorder.
Females were 3.33 times more likely than males to
have PCS. 

The studies by Hoge et al and Meares et al only used
a symptom screening checklist to diagnose PCS after
mild TBI; what would we observe with advanced
imaging? Hähnel and coworkers studied 42 male ama-
teur boxers with 3T MR imaging. They paid special
attention to the gradient echo sequences, and compared
the findings to MR imaging in 37 healthy non-boxing
males. The boxers neither participated in fights in
which they lost consciousness or required hospitaliza-
tion, nor had PCS; however, the boxers had a higher
prevalence of cerebral microhemorrhages on MR
imaging than did the control group. 

Finally, Kraus et al used one of the most advanced
imaging techniques, diffusion tensor imaging (DTI), to
study white matter integrity in a mixed group of
patients with TBI. They studied 20 patients with mild
TBI, 17 with moderate to severe TBI, and 18 controls.
They then examined the relationships between white
matter integrity and cognition. Fractional anisotropy
was the primary measure of white matter integrity, and
they examined 13 regions of interest that encompassed
all of the major white matter tracts in the cerebral
hemispheres. Cognitive domain scores were calculated
from executive, attention, and memory testing.
Decreased fractional anisotropy was found in all 13
regions of interest for the moderate and severe TBI
group, but only in the corticospinal tract, sagittal stra-
tum, and superior longitudinal fasciculus for the mild
TBI group. White matter abnormality load was nega-
tively correlated with all cognitive domains. The inves-
tigators felt that irreversible myelin damage occurred
in moderate and severe TBI, but reversible axonal
injury occurred in patients with mild TBI. 

■■ COMMENTARY
There are dramatic contrasts between the papers of

Hoge et al and Meares et al, who used screening tests of
symptoms, compared to the more objective imaging
studies of Hähnel et al and Kraus et al. There is a huge
difference in their implied conclusions, based on what
type of diagnostic study was used. The screening tests
seem to suggest that PCS — a constellation of symp-
toms that includes headache, fatigue, dizziness, anxiety,
irritability, insomnia, and cognitive impairments — is a
function of psychological disorders, including PTSD,
anxiety, and depression. Yet, when advanced imaging is
performed in patients with mild TBI, who have minimal
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or no complaints, microhemorrhages and white matter
disruption is discovered. 

How do we explain these contradictions, and what
does this mean for us as neurologists? First, it is worth
restating a fundamental principle: the mind and the brain
are the same. So called neuropsychological symptoms,
such as PTSD, come from a brain disorder, whatever the
etiology; it is perfectly plausible to attribute such symp-
toms to TBI, not to a vague psychodynamic cause. The
DTI study by Kraus shows that there is a continuous
inverse relationship between the degree of white matter
injury and cognition, but this can only be appreciated if
patients are studied with MR imaging and DTI. A
screening test of symptoms tells us only about symp-
toms, not whether the brain has been structurally altered
by trauma. I believe it is a disservice to patients who
have sustained TBI, in the military or civilian popula-
tion, to dismiss their complaints as “psychological”
without a more intensive investigation with modern
imaging. 

I wonder what would be found if the soldiers return-
ing from Iraq, who sustained mild TBI, underwent brain
imaging studies with MR and DTI?   ■

Reference
1. www.braintrauma.org. Accessed 3/18/08.

Doxycycline Treatment 
for Multiple Sclerosis
A B S T R A C T  &  C O M M E N T A R Y

By Gregg L. Caporaso, MD, PhD
Assistant Professor of Neurology and Neuroscience,
Weill Cornell Medical College
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Synopsis: Addition of doxycycline to interferon-beta
therapy in patients with relapsing-remitting multiple
sclerosis might improve control of inflammatory
lesions.

Source: Minagar A, et al. Combination therapy with inter-
feron beta-1a and doxycycline in multiple sclerosis: an open-
label study. Arch Neurol 2008;65:199-204.

IN MULTIPLE SCLEROSIS (MS), IT IS BELIEVED THAT

autoreactive lymphocytes in the systemic circulation
cross the blood-brain barrier (BBB) to induce inflam-
matory demyelination in the central nervous system.

These lymphocytes express matrix metalloproteinases
(MMPs) that proteolyze the extracellular matrix of the
BBB, thus facilitating cellular transmigration. Doxycy-
cline has been demonstrated to inhibit MMP-9 activity
in laboratory studies. With this is mind, Minagar and
colleagues examined the effects of adding doxycycline
to the treatment regimen of MS patients who were
experiencing breakthrough relapses on interferon beta-
1a (IFN beta-1a). In an open-label trial, 15 patients
with relapsing-remitting MS (RRMS) who had experi-
enced a relapse within the preceding 2 months were
first assessed during a 3-month pretreatment phase
while on IFN beta-1a alone and then for a 4-month
treatment phase in which doxycycline (100 mg/day)
was added.

The mean patient age was 44 years, and 80% of
patients were women. Their median duration of RRMS
was 4.0 years, with a median expanded disability status
score (EDSS) of 3.5 (range 3.0-4.5, consistent with
mild disability). The addition of doxycycline was asso-
ciated with a 39% reduction in gadolinium-enhancing
brain lesions, from a pre-treatment median of 8.8
lesions to a post-treatment median of 4.0 lesions. The
median decrease in EDSS was 2.3 points. No signifi-
cant change in serum MMP-9 levels was observed.
However, the transendothelial migration of monocytes
in vitro was reduced in the presence of post-treatment
patient’s serum compared to pre-treatment serum.
These results raise the possibility that the addition
doxycycline to interferon-beta therapy might afford
greater anti-inflammatory effects than interferon-beta
alone in patients with RRMS. Further, they suggest
that doxycycline might mediate these effects by
inhibiting the migration of immune cells across
endothelial barriers.

■■ COMMENTARY
Tetracycline antibiotics such as doxycycline and

minocycline have been receiving much attention as
possible treatments for a variety of neurological disor-
ders, including stroke, amyotrophic lateral sclerosis
(ALS), Huntington’s disease, and, of course, RRMS.
Their efficacy in these diseases has been mixed to date,
with positive treatment effects described for some
(e.g., stroke) and negative effects for others (e.g.,
ALS). The present study by Minagar et al suggests that
the addition of doxycycline to interferon-beta might be
beneficial to patients with RRMS who continue to
experience breakthrough relapses while on interferon
alone. However, their findings should be viewed in
light of several weaknesses in their study design, the
most significant relating to the statistical phenomenon
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of “regression to the mean.” This refers to the fact that
measurements on a non-random sample of some popu-
lation will tend on subsequent measurements to be
closer to the mean for that population. In the present
study, patients were selected who had experienced an
MS relapse within the 2 months preceding the trial.
Based on the pivotal clinical trials of IFN beta-1a, we
saw that RRMS patients receiving placebo had on aver-
age about one relapse per year; patients who received
interferon-beta experienced on average a 29-32%
reduction in annual relapse rate. Over 2 years, patients
receiving IFN beta-1a experience about a 50% reduc-
tion in the number of new gadolinium-positive lesions.
Thus, during the 7-month period of the trial by Mina-
gar et al, one would expect few patients on IFN beta-1a
to experience another relapse or an increase in the
number of gadolinium lesions whether doxycycline
was added or not. That is, the patient selection process
in this study might have inadvertently skewed the
results toward a predictable amelioration of disease
status.

Nonetheless, a separate report published by Zabad
and colleagues lends credence to a therapeutic role for
tetracycline antibiotics in MS.1 In this study, 10 patients
with RRMS who had experienced 2 or 3 relapses over
the previous 2 years, and who had not been treated with
disease-modifying agents (e.g., IFN beta-1a or glati-
ramer acetate) for at least 6 months, received minocy-
cline (100 mg b.i.d.) for 24 months. The patient demo-
graphics in this study were similar to those in the Mina-
gar et al study, though the mean disease duration was
nearly 12 years. No patients experienced clinical MS
relapses, and, with one exception (a patient whose
dosage was halved due to persistent nausea), no
gadolinium-enhancing brain lesions were identified by
serial MRI scans after 6 months of treatment. Serum
levels of 2 putative anti-inflammatory markers (the p40
subunit of interleukin-12 and soluble vascular cell
adhesion molecule) were significantly increased by
treatment. No change in serum MMP-9 levels was dis-
cerned, but direct fluorometric assessment of serum
MMP-9 activity revealed marked and persistent reduc-
tions in protease activity from 3 months of treatment
onward. The small size and design of this study also
raises the possibility of the regression-to-the-mean
effect, but this seems less likely over the 24-month
treatment period.

In both of these studies, most patients tolerated the
medications with minimal side effects (transient dizzi-
ness and nausea). The positive results raise the possi-
bility of a safe and inexpensive treatment that might
be added to the ever-growing armamentarium of MS

treatments. We eagerly await the results of an on-
going phase-III, randomized, placebo-controlled trial
examining the effects of combination therapy with
minocycline and glatiramer acetate. Recent results
from the randomized, double-blind phase-II study
demonstrated a trend toward 60% reductions in
gadolinium-enhancing and T2-weighted brain lesions,
as well as reductions in relapse rates, in patients
receiving combination therapy compared to glatiramer
acetate alone.   ■

Reference
1. Zabad RK, et al. The clinical response to minocycline in

multiple sclerosis is accompanied by beneficial immune
changes: a pilot study. Mult Scler 2007;13:517-526.

Neurologic Sequelae of
Inflammatory Bowel Disease
A B S T R A C T  &  C O M M E N T A R Y

By Michael Rubin, MD, FRCP(C)
Professor of Clinical Neurology, Weill Cornell Medical 
College, New York, NY
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Synopsis: Neuropathic symptoms and signs occur in
about one-half of patients with inflammatory bowel 
disease.

Source: Oliveira GR, et al. Peripheral neuropathy and neu-
rological disorders in an unselected Brazilian population-
based cohort of IBD patients. Inflamm Bowel Dis
2008;14:389-395.

INFLAMMATORY BOWEL DISEASE (IBD), CHARACTERIZED

predominantly by Crohn’s disease and ulcerative
colitis, is of presumed autoimmune origin and mani-
fests multiple extra-intestinal complications, including
iritis, episcleritis, arthritis, skin involvement, peri-
cholangitis, and sclerosing cholangitis. Neurologic
complications with IBD are reported but their frequen-
cy is unknown.

A prospective study of 31 patients with Crohn’s dis-
ease and 51 patients with ulcerative colitis, seen at the
IBD Clinic of the Hospital Universitaro Walter Candidio
and General Gastroenterology Clinic of the Hospital
Cesar Cals in Brazil, was undertaken to determine the
form and frequency of neurologic disorders associated
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with IBD. Diagnosis of IBD was confirmed by clinical,
endoscopic, radiologic, and pathologic criteria. Patients
were followed for 1 year and underwent neurologic
examination by 2 independent neurologists, extensive
blood testing including complete blood count, sedimen-
tation rate, glucose tolerance testing, antinuclear anti-
bodies, rheumatoid factor, thyroid function, B12, folate,
serum protein electrophoresis, hepatitis and HIV testing,
electrodiagnostic studies, and where indicated, quantita-
tive sensory testing, neuroimaging, visual and
somatosensory evoked response studies, and electroen-
cephalogram. Statistical analysis encompassed chi-
square, Mann-Whitney, and t-tests and p < 0.05 was
considered significant.

Headache was the most common complaint, reported
in 54.8% and 56.9% of Crohn’s disease and ulcerative
colitis patients, respectively; it usually was associated
with IBD flare or treatment alteration. Migraine
headache criteria were satisfied in 25% of both groups.
Bell’s palsy or ischemic stroke were each seen in 3,
epilepsy in 5, and transient chorea in 1. Neuromuscular
complications affected 51.6% and 45.1% of patients,
respectively, and were more commonly seen in women
than men. Myopathy and neuromuscular junctionopathy
did not occur. Mild carpal tunnel syndrome was com-
mon among women with ulcerative colitis. Large fiber
sensory or sensorimotor polyneuropathy was document-
ed in 16.1% and 19.6% of patients, respectively, where-
as sensory symptoms suggestive of small fiber neuropa-
thy or myelopathy, in the absence of confirmatory elec-
trodiagnostic evidence, was present in 29% and 11.85%,
respectively. Overall, 13.3% of IBD patients had
polyneuropathy that could not be ascribed to other caus-
es. Neurological complications in IBD are common and
usually mild, but deserve attention in the overall care of
such patients.

■■ COMMENTARY
Nutrients, bacteria, and viruses constantly bombard

the gastrointestinal (GI) tract and the GI mucosa must
decide what to absorb and what to reject. An innate GI
immune system exists to assist in this task and its mal-
function may contribute to GI inflammation. Recent
progress has been made in understanding how the
enteric immune system works.1

Toll-like receptors (TLRs), expressed by a variety of
GI mucosal cells, comprise at least 12 transmembrane
pattern recognition receptors (PRRs) that recognize
molecular patterns present on luminal antigens. TLRs
also participate in inducing antimicrobial effector path-
ways and in controlling adaptive immune responses,
thereby providing effective homeostasis of the GI

mucosa. While in the healthy host TLRs protect barrier
integrity, in the susceptible host TLRs may induce over-
active signaling pathways, leading to an inappropriate
immune response that results in chronic inflammation
and tissue injury. These mechanisms suggest that thera-
py directed at TLR-based targets may be beneficial in
treating IBD and in preventing the neurological compli-
cations that result.   ■

Reference
1. Cario E. Therapeutic impact of toll-like receptors on

inflammatory bowel diseases: a multiple-edged sword.
Inflamm Bowel Dis 2008;14:411-421.

Cataplexy: A Laughing 
Matter?
A B S T R A C T  &  C O M M E N T A R Y

By Charles Pollak, MD
Professor, Clinical Neurology, Director, Center for Sleep 
Medicine, Weill-Cornell Medical College 
Dr. Pollak reports no financial relationship relevant to this field of study.

Synopsis: Functional MRI imaging in patients 
with narcolepsy supports the hypothesis of decreased
hypothalamic activity with reduced orexin 
production.

Source: Schwartz S, et al. Abnormal activity in hypothala-
mus and amygdala during humour processing in human nar-
colepsy with cataplexy. Brain 2008;131(Pt 2):514-522.

NARCOLEPSY WITH CATAPLEXY (NC) IS A SPECIFIC,
though uncommon, sleep-wake disorder that usu-

ally starts in the late teens and persists throughout
one’s lifetime. Cataplexy manifests itself as skeletal
muscle weakness ranging in severity from a slight loss
of tone in the face to head bobbing, knee buckling, or
total collapse to the ground. Along with muscle weak-
ness, there is atonia and areflexia. Episodes are of sud-
den onset and usually last no longer than a few sec-
onds to a few minutes. There is no disturbance of con-
sciousness, and there is full recovery of motor func-
tion. Episodes often are triggered by laughter or
another emotion (anger, surprise, embarrassment).
Cataplexy is a pathognomonic symptom of narcolep-
sy: even when the emotion-triggered weakness is sub-
tle and fleeting, its occurrence unequivocally confirms
the diagnosis.
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It has recently been discovered that NC is associ-
ated with a reduction or absence of orexin (hypocre-
tin), a lateral hypothalamic neuropeptide associated
with sleep, feeding behaviors, and motor functions.
The vast majority of people with NC have low or
undetectable levels of orexin (hypocretin) in the
cerebrospinal fluid, most likely reflecting specific
loss of the hypothalamic orexin-producing neurons.
This constitutes a key lesion in NC, as central
administration of orexin-A to mice acutely suppress-
es both cataplectic behavioral arrests and increases
wakefulness. 

It has long been thought that cataplexy is dependent
upon descending inhibitory pathways terminating at
the spinal level at the alpha motoneuron. The same
pathways are utilized during normal REM sleep, which
also is associated with hypotonia and hyporeflexia.
Indeed, cataplexy has been described as an abnormal
displacement of REM sleep into wakefulness. Howev-
er, the rostral mechanisms that account for the sudden
motor disability in response to emotion remain
obscure.

Schwartz and colleagues exposed 12 NC patients and
12 controls to humorous pictures while they were being
imaged with event-related functional-MRI (fMRI) to
quantify brain activity. All of the NC patients reported
that joking and laughing were a main trigger of cata-
plectic attacks. This was a novel paradigm, since fMRI
had never been performed on cataplectic patients. By
comparing regions of interest between NC patients and
controls, the investigators found that in all of the
patients with NC, humorous pictures elicited reduced
activity in the hypothalamus and enhanced activity in
the amygdala, which is consistent with the orexin
hypothesis. 

■■ COMMENTARY
It is well accepted that connections from the amyg-

dala to the hypothalamus can modulate reflex respons-
es to emotional stimuli. The recent findings suggest
that the hypothalamus might modulate amygdaloid
activity during positive emotions via projections from
hypothalamic orexin neurons to the amygdala. The
authors speculate that the reduced hypothalamic acti-
vation and increased amygdala response to humor that
they observed with fMRI could both be explained by
loss of hypothalamic orexin neurons. The key role of
orexin neuron loss, perhaps secondary to selective
autoimmune degeneration, in the pathophysiology of
NC is, therefore, consistent with these unique fMRI
findings. The narcolepsy story keeps getting more
interesting!   ■

An Enhanced Risk of Cancer
from CT Scans
A B S T R A C T  &  C O M M E N T A R Y

By Toshiki Takenouchi, MD, and 
Sabiha Merchant, MD
Dr. Takenouchi is Fellow in Pediatric Neurology, Weill Cor-
nell Medical College; Dr. Merchant is Assistant Professor of
Pediatrics and Neurology, Weill Cornell Medical College
Dr. Takenouchi  and Dr. Merchant report no financial relationships relevant to

this field of study.

Synopsis: There is an increased risk of future cancer
as a consequence of performing repeated CT scans, and
the younger the patient at the time of scanning, the
greater the subsequent risk.

Source: Brenner DJ, et. al. Computed tomography — an
increasing source of radiation exposure. N Engl J Med
2007;357:2277-2284.

SINCE THE INCEPTION OF CT SCANNING IN 1970S, ITS

use has increased rapidly and dramatically from
approximately 3 million CT scans in 1980 to 62 million
scans per year in 2006. At least 4 million of those were
performed on children. This is largely due to advances in
CT technology that have made it extremely user-friendly
for both the patient and the physician, as well as the
increased use of CT scan for the screening of asympto-
matic patients.

The advent of rapid (spiral) CT scanning allows pedi-
atric patients to be imaged without sedation, resulting in
increased CT use for pediatric diagnosis, predominantly
for the presurgical diagnosis of appendicitis. The use of
CT in screening programs for asymptomatic patients in
the adult population also is greatly expanding, including
CT virtual-colonoscopy, CT lung screening for current
and former smokers, CT cardiac screening, and CT
whole-body scanning.

Based on the more than 50-year follow-up of atomic
bomb survivors, the enhanced lifetime cancer risks fol-
lowing exposure to low doses of ionizing radiation has
become convincing. In particular, there was a significant
increase in the overall risk of cancer in the subgroup of
atomic-bomb survivors who received low doses of radia-
tion, ranging from 5 to 150 millisieverts (mSv). The
mean dose in this subgroup was about 40 mSv, which
approximates the relevant organ dose accrued following
2-3 typical CT scans in an adult. Since no large-scale
epidemiological studies of this association have yet been
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reported, the authors calculated the cancer risks for any
given CT scan by estimating the organ dose involved
and applying organ-specific cancer incidence or mortali-
ty data that were derived from the atomic bomb sur-
vivors. They conclude that “the estimated lifetime risks
of death from cancer that is attributable to a single
generic CT scan are highly dependent on age because
both the doses and the risks per unit dose are age-
dependent.” The estimates for lifetime risk of death from
brain cancer attributable to a single head CT are as high
as 1 in 1,500 for newborns, 1 in 2,000 for 1 year olds, 1
in 3,000 for 5 year olds, and 1 in 10,000 for 15 year olds.
Above that age, head CT scans contribute a negligible
lifetime risk of death from brain cancer. On the basis of
such risk estimates, the authors calculate that currently
“about 0.4% of all cancers in the United States may be
attributable to the radiation from CT studies,” with
future estimates being in the range of 1.5 to 2.0%.

■■ COMMENTARY
In the era of modern medicine, CT scans are ordered

in a variety of clinical settings, often as routinely as
chest X-rays; this is at times due to our practice of
“defensive medicine” or due to a simple lack of commu-
nication between patients and doctors. This article sug-
gests that most health care providers underestimate the
radiation dose from a CT scan, and a significant number
did not believe that CT scans increased the lifetime risk
of cancer. 

If in fact it is true that about one-third of all CT
scans are not justified by medical need, perhaps 20
million adults and, crucially, more than 1 million chil-
dren per year in the United States are being irradiated
unnecessarily.

Randomized controlled studies might be difficult to
perform in this setting; however, estimating the life-
time risk of developing cancer in a prospective study of
people who were exposed to low-dose diagnostic ion-
izing radiation is of critical importance. Likewise,
establishing a direct association between radiation site
and the type of cancer subsequently developed in a
group of patients will be an important goal of future
studies. Although we do not have evidence-based, ran-
domized, controlled, or prospective cohort studies on
diagnostic ionizing radiation-induced carcinogenesis at
this point, it is imperative that clinicians take into con-
sideration the relative risk associated with overuse of
CT, and not fall into the trap of ordering excessive and
unnecessary scans. The data presented underscore the
particular importance of performing brain CT scans in
newborns and infants only when absolutely necessary.
Rather, when available, alternative imaging modalities,

such as MRI, should be employed in pediatric popula-
tions. The data also emphasize the need for the manu-
facturers of CT scanners to design machines in the
future in which the strength of the settings can be
adjusted downward for children whose thinner skull
and torso “provide less shielding of organs from the
radiation exposure.” ■

Can We Predict the Outcome
of Bacterial Meningitis?
A B S T R A C T  &  C O M M E N T A R Y

By Joseph E. Safdieh, MD
Assistant Professor of Neurology, Weill Medical College, 
Cornell University
Dr. Safdieh reports that he has received grant/research support from the Amer-

ican Academy of Neurology. 

Synopsis: The risk of adverse outcomes in bacterial
meningitis can be estimated upon initial patient pres-
entation using six clinical features.

Source: Weisfelt M, et al. A risk score for unfavorable out-
come in adults with bacterial meningitis. Ann Neurol
2008;63:90-97.

BACTERIAL MENINGITIS IS A SERIOUS AND LIFE-THREAT-
ening disease. The ability to predict poor outcome

in this disease would assist the clinician with risk strati-
fication and potentially with management. The authors
of the study used a logistic regression analysis of data
from a previously published cohort study examining 696
cases of community-acquired bacterial meningitis to
develop a risk score predicting unfavorable outcome
(anything less than full recovery with independent func-
tion). The authors selected 22 clinical variables to test as
potential predictors of poor prognosis in bacterial
meningitis. In total, 34% of patients in the prospective
cohort suffered a poor outcome. Six of the 22 proposed
variables demonstrated significant correlation with poor
prognosis (Glasgow Outcome Scale < 1), and were
included in the scoring system. These included age,
heart rate, Glasgow Coma Scale score, cranial nerve
palsy, low CSF white blood cell count (<1000 cells/
mm3), and the presence of gram-positive cocci in CSF
gram stain. 

The risk score is calculated by adding the values of
each subscore for the six determinants. The individual
subscores are obtained using a table that assigns values
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to each of the six clinical determinants. As an example,
for cranial nerve (CN) palsy, the subscore is 0 if CN
palsy is absent and 9 if it is present. The 6 subscores are
added up to obtain the risk score. The risk score is then
converted to a percentage risk of unfavorable outcome.
For example, a risk score of 30 corresponds to a 40%
risk of unfavorable outcome.

After using one cohort (the derivation cohort) to
develop the risk score, the authors went further by vali-
dating this risk score, using another previously pub-
lished cohort of patients with bacterial meningitis (the
validation cohort). The authors calculated the risk score
for each patient and compared the actual outcome to the
predicted outcome. The concordance index for the risk
score and actual outcome was 0.81, suggesting a robust
prediction. 

■■ COMMENTARY
Neurologists rely on risk scores to predict recovery in

a number of serious neurological diseases, most notably
the Hunt-Hess score for subarachnoid hemorrhage
(SAH). Bacterial meningitis is comparable to SAH in
that a wide range of outcomes is possible, from full
recovery to death. Clinicians should be helped by an
easy-to-use scoring system to predict outcome in bacter-
ial meningitis within one hour of presentation to the
emergency department. Patients with a higher predicted
risk may need to be monitored more closely, with more
aggressive treatment for brain edema and vasculitis.
Randomized controlled trials are needed to assess
whether more aggressive treatment for patients at higher
risk might actually lower the expected risk for poor out-
come.   ■

CME Questions
19. Post-traumatic stress disorder (PTSD) occurs more often in

patients who have traumatic brain injury (TBI) than other
types of bodily injuries.
a. True
b. False

20. Cognitive impairment after TBI correlates with the degree of
white matter damage based on diffusion tensor imaging (DTI). 
a. True
b. False

21. Combination treatment with doxycycline and interferon (IFN)
beta-1a over 4 months in patients with multiple sclerosis
reduced:
a. the number of gadolinium-enhancing lesions seen on brain MRI.
b. the rate of relapses.
c. serum MMP-9 levels.
d. None of the above

22. Neurological complications of inflammatory bowel disease
(IBD) include all the following except:
a. large fiber sensory polyneuropathy.
b. large fiber sensorimotor polyneuropathy.
c. myopathy.
d. migraine.
e. carpal tunnel syndrome.

23. Narcolepsy is characterized by sudden muscle weakness and
collapse.
a. True
b. False

24. Narcolepsy is characterized by loss of consciousness.
a. True
b. False

25. Narcolepsy is characterized by decreased hypothalamic orexin.
a. True
b. False

26. Which of the following statements is true about CT scans?
a. Since the 1970s, there has been greater use of MRI scans than

CT scans.
b. CT scans pose no danger for children.
c. Repeated CT scans expose an adult to the same amount of radi-

ation received by many atomic bomb survivors. 
d. Long-term cohort studies have determined that CT scanning is

safe. 

27. Which of the following clinical presenting features is least likely
to correlate with prognosis in bacterial meningitis?
a. Age
b. CSF gram stain
c. CSF leukocyte count
d. Glasgow coma scale
e. Nuchal rigidity

Answers: 19. b; 20. a; 21. a; 22. c; 23. a; 24. b; 25. a;
26. c; 27. e
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CME Objectives

The objectives of Neurology Alert are:
• To present the current scientific data regarding diagnosis 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 commonly

diagnosed diseases and new uses for traditional drugs; and
• To discuss nonclinical issues of importance to neurolo-

gists, such as the right to die and the physician’s legal obliga-
tion to patients with terminal illness.   ■



In this issue: Does erythropoietin worsen cancer
death rates? Most hypothyroid patients can be replaced
with levothyroxine alone without additional T3. Does
aggressive control in type 2 diabetes save lives? 

Erythropoiesis-stimulating agents (ESAs) may
increase the risk of death in cancer patients
according to a new meta-analysis, which also

suggests that the drugs are associated with a signifi-
cant risk of venous thromboembolism (VTE).
Researchers evaluated Phase 3 trials comparing ESAs
(erythropoietin and darbepoetin) with placebo or stan-
dard care in the treatment of anemia among patients
with cancer. The study included 51 trials with 13,611
patients that included survival information, and 38
clinical trials with 8172 patients that included informa-
tion on VTE. Cancer patients who received ESAs had a
higher rate of VTE (7.5% vs 4.9%, RR 1.57 7:95% CI,
1.31-1.87) and increased mortality risks (hazard ratio
1.10: 95% CI, 1.01-1.20). The risk of VTE has been pre-
viously reported, but this is the first report that raises
the issue of increased mortality associated with use of
the drugs. The authors cite eight recent studies which
have shown increased rates of tumor progression or
mortality with ESA use. These trials raise the concern
that the ESAs directly affect tumors, a plausible theory
since expression of erythropoietin and erythropoietin
receptors has been demonstrated in a variety of
human cancers and stimulation of these receptors has
been shown to cause tumor effects including prolifera-
tion, antiapoptosis, and invasion. The authors con-
clude that the ESA administration to patients with
cancer is associated with increased VTE and mortality
risks, and raises concerns about the safety of ESA
administration to patients with cancer (JAMA. 2008;
299 (8): 914-924). The FDA has indicated that it will

hold a meeting of its Oncologic Drug Advisory
Committee in March to review the safety concerns.
Thyroid Replacement Debate Continues

Debate has raged for years whether thyroid replace-
ment with levothyroxine (LT4) provides adequate levels
of triiodothyronine (T3) through peripheral conversion,
or whether LT4 should be routinely supplemented with
T3 in hypothyroid patients. Researchers from
Georgetown measured preoperative T3 levels in 50
euthyroid patients undergoing total thyroidectomy.
These levels were then compared with postoperative lev-
els T3 while receiving replacement therapy with LT4.
There were no significant decreases in T3 concentration
in patients receiving LT4 therapy compared with their
pre-thyroidectomy T3 levels. Free T4 concentrations
were significantly higher in patients treated with LT4
therapy compared with their preoperative T4 levels.
Serum TSH levels of 4.5 mIU/L or less were achieved in
94% of patients in the study, however T3 concentrations
were significantly lower in the group with TSH levels
greater than 4.5.  The authors conclude that replacement
therapy with levothyroxine (LT4) to achieve TSH levels
less than 4.5 results in normal T3 levels through periph-
eral conversion of T4 to T3, suggesting that T3 adminis-
tration is not necessary (JAMA. 2008:299:769-777). In an
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accompanying editorial, David S. Cooper M.D. reminds
us that T3 is the active thyroid hormone and has two
sources, 20% is produced by the thyroid gland and the
other 80% is converted from T4 in peripheral tissues.
The peripheral conversion can be affected by starvation,
overfeeding, and acute and chronic illness as well as
drugs. Multiple studies have shown that replacement
with T3 and T4 has no value over replacement with T4
alone.  Regardless, many compounding pharmacies con-
tinued to prepare long-acting T3 preparations, and such
preparations are common in alternative medical prac-
tices. Dr. Cooper also notes that several patients in the
study cited above did not achieve normal T3 levels with
LT4 replacement, and suggests that there is a subset of
patients who may benefit from T3 replacement as well.
But for the average patient on thyroid replacement this
study shows that LT4 replacement alone is adequate
(JAMA. 2008; 299:817-819).
TTyyppee  22  DDiiaabbeetteess  TTrreeaattmmeenntt  OOkkaayy  iiff  NNoott  TToooo  TTiigghhtt

Tight control of type 2 diabetes is beneficial as long as
the control is not too tight. This is the rather confusing
message of several recent studies. Aggressive multifacto-
rial intervention in type 2 diabetes including tight glu-
cose regulation, use of renin-angiotensin system
blockers, aspirin, and lipid-lowering agents significantly
improves mortality according to new study from the
New England Journal of Medicine. Researchers in Denmark
randomized 160 patients with type 2 diabetes and per-
sistent microalbuminuria to receive either intensive ther-
apy or conventional therapy for a mean of 7.8 years.
Patients were subsequently followed for an additional
5.5 years with conventional therapy patients converted
to intensive therapy. The primary endpoint at 13.3 years
of follow-up was time to death from any cause. The
intensive therapy group followed the latest guidelines
from the American Diabetes Association, which included
hemoglobin A1c target levels of less than 6.5%, a fasting
serum total cholesterol level of less than 175 mg/dl, a
fasting serum triglyceride level of less than 150 mg/dl, a
systolic blood pressure of less than 130 mm Hg, and
diastolic blood pressure of less than 80 mm Hg. Patients
were treated with renin-angiotensin blockers (ACEI or
ARB), and received low-dose aspirin. After 13.3 years, 40
patients in the conventional therapy group died as com-
pared to 24 in the intensive therapy group (hazard
ratio[HR} 0.54; 95% CI 0.32-0.89; P= 0.04).  Intensive ther-
apy was associate with a lower risk of death from cardio-
vascular disease (HR 0.43; P=0.04) and of all
cardiovascular events (HR 0.4; P <0.001). Six patients in
the conventional therapy group ended up with end-stage
renal disease compared to one in the intensive therapy
group (P=0.04). Fewer patients in the intensive therapy
group required retinal photocoagulation as well. The
authors conclude that at-risk patients with type 2 dia-

betes benefit from intensive intervention with multiple
drug combinations and behavior modification, and have
a sustained benefit with respect to vascular complica-
tions and death rates from cardiovascular causes (NEJM.
2008;358:580-591). The study stands in contrast to a
recent announcement from the National Heart, Lung,
and Blood Institute (NHLBI) that they are halting the
aggressive treatment arm of the ACCORD (Action to
Control Cardiovascular Risk in Diabetes) trial because of
of a higher mortality rate. The trial enrolled 10,251 at-risk
type 2 diabetics who were randomized to medical strate-
gies to intensely lower blood sugar below current recom-
mendations vs less intensive treatment. The aggressive
arm targeted hemoglobin A1c levels under 6% while the
standard treatment arm had a target between 7% and
7.9%. There were 257 deaths in the intensive treatment
group compared with 203 in the standard treatment
group over an average of four years of treatment.
Extensive analysis has not determined the specific cause
for the increased death rate, and no drugs have been
specifically implicated including the thiazolidnediones.
In Canada, a similar trial (ADVANCE) has enrolled over
11,000 high risk type 2 diabetic patients with a similar
design—routine care vs intensive glucose control (A1c
<6.5) and risk factor management. ADVANCE
researchers have reviewed their data and have found no
increase mortality in their aggressive treatment group so
far and their study continues.
FFDDAA  AAccttiioonnss

The FDA has approved bevacizumab (Avastin) for
first-line treatment of women with metastatic HER2-
negative breast cancer. When used in combination
with paclitaxel, disease progression was reduced by
52% compared to treatment with paclitaxel alone. The
approval was done under the FDA's accelerated
approval program. Bevacizumab is manufactured by
Genentech Inc.

The FDA has issued an early communication about
an ongoing safety review of botulinum toxin Type A
(Botox) and Type B (Myobloc) regarding reports of
systemic adverse reactions including respiratory com-
promise and death. The reactions are suggestive of
botulism. Many of these events occurred in children
treated for cerebral palsy-associated limb spasticity,
although reports of occurred for other uses in adults
as well. The FDA's warning of health care profession-
als to watch for systemic effects as much as one day
after injections including dysphasia, dysphonia, weak-
ness, dyspnea or respiratory distress.   ■

Note: The February 2008 issue of Pharmacology Watch
stated that Bystolic was marketed by Mylan Bertek. It
should be noted that Bystolic is marketed by Forest
Laboratories as well.
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