
Neurology Alert Departs From the
Decade of the Brain to Enter the

Century of the Brain
D E C A D E  O F  T H E  B R A I N

This issue of Neurology Alert, janus-like, briefly reviews
some of the remarkable discoveries and improvements of clini-

cal neuroscience that have appeared during the Decade of the Brain.
Also, it starts with great enthusiasm to ferret out the substance of
new, ever more novel experiences and reports that may help neurol-
ogists and their patients during the forthcoming “Century of the
Brain.”

During the past 10 or more years, despite frustrating political and
economical interference, neurologists have been rewarded with a
substantial increase in many new, valuable laboratory tests, proce-
dures, and concepts. New variations of magnetic resonant imaging
(MRI) have improved that instrument’s diagnostic qualities as well
as its increasing capability to quantify the dynamic changes that
underlie the brain’s functional processes. Because of the increasing
refinements of these and important other scientific tools, both basic
and clinical neuroscientists are poised to identify important
changes in understanding the fundamentals of many incompletely
solved neurological disorders. To give an example of scientific
promise about, Neurology Alert describes a remarkable example of
the results of 10 such outcomes that a group of basic and clinical
neuroscientists in 1992 predicted might be achieved within the
remaining eight years of the Century of the Brain (see page 37).
Many examples of farsightedness and ingenuity of other investiga-
tors also have been achieved since that time. 

Until about 35-40 years ago, most clinical neurology depended
on histories, physical signs, a limited number of electrophysiologic
procedures, and relatively simple laboratory tests. Houndsfield’s
demonstration in 1971 of the first commercial CAT scan initiated
the capacity to define the static anatomy of the living brain. Reli-
able PET instruments appeared upon the scene in the early 1980s,
thereby launching for the first time a machine capable of monitor-
ing functional activity associated with specific human behavior.
MRI was first invented and named as nuclear magnetic resonance
(NMR) by Block and Purcell in 1946 and converted into medical
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MRI by Lauterbur in 1973. The ultimate step to clinical
neurological use was developed in 1991. With succes-
sive technological advances, all three generations of
MRI instruments have gradually not only mapped the
brain, but the latter two, for the first time in history,
have elevated psychology into a rich association with
brain anatomy and the generative patterns that underlie
behavioral functions. 

Human health and behavior represent the functional
product of an integrated biomachine, the brain, which
generates and regulates its own selective, specific cir-
cuits and their many relationships with other bodily
systems. The conscious as well as the automatic brain
constantly regulates and mostly generates its immedi-
ate and more remote future, a chore that integrates its
own instinctive and learned properties with those of
other body organs. Despite this now widespread truism,
until the early 1980s most clinical and even basic neu-
rologists treated and investigated the nervous system
by individually different scientific disciplines. Neuro-
chemists, pharmacologists, physiologists, pathologists,
anatomists, biological psychiatrists, mathematicians,
and several other specialty groups often studied the
brain independently. Much value emerged from those
approaches. Nevertheless, single-goal investigations

often failed because they lacked the understanding that
other, interdigitating scientific modalities were
required to understand the integrated nervous system.
The change in approach started in 1966 when the far-
sighted Schmidt of MIT drew together leaders of the
above disciplines and invited them to think together
about the brain. The outcome of the interdependent dis-
cussions coined the term ‘neuroscience,’ reflecting the
biological integration of all the selective disciplines
analyzing the functional brain and its appendages. The
recent development of the cell-molecular-genetic disci-
pline derives from this concept and completes present
neuroscience integration.

Molecular genetics and molecular-cell biology are
becoming the major tools of present medicine, including
neuroscience. Functional brain imaging is, for the first
time, providing not only images of human structural
brain disease but also of the gross anatomy, chemistry,
and pharmacology of the awake human brain and mind,
both in sickness and in health. Clinical neurological
research and even practice can best be understood and
investigated by neurologists educated to diagnose
patients, alleviate their sufferings, and meet the chal-
lenge of effectively conquering the underlying disorders.
Early identification of neurological illnesses and the
application of effective treatment represent the challenge
to neurology in the forthcoming Century of the Brain.
Cell/genetic neurological disorders are going to increase
in frequency and neurologists will be the best group to
identify their nature and treat them. Neurology Alert will
continue to present mostly summaries that deal pragmat-
ically with contemporary neurological diagnosis and
treatment, but, when appropriate, we will discuss new
discoveries that neurologists may wish to apply or
explain to their patients.

A final note: even in today’s scientific, specialized
approach to illness, more patients will come to neurolo-
gists with diseases of emotions than of the structural ner-
vous system. Only we, as sensitive caregivers who
understand the brain, know enough to distinguish psyche
vs. soma as the basis of many nervous system com-
plaints. Wise words by informed neurologists still can
provide far more than a thousand laboratory tests in
helping such individuals. Neurology Alert also has set a
goal to provide its future readers with information about
new neuropharmacologic agents that provide specific
improvements in improving behavioral problems. Rec-
ommendations for further improvements always draw
our attention. 

With this issue, Neurology Alert is proud to add
Thomas D. Bird, MD, as a contributor. Dr. Bird is Pro-
fessor of Neurology at the University of Washington
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Medical School and a world expert in neurogenetics and
how genes affect the nervous system. Along with his
associates, Nancy B. Hanson, MS, and Roberta A.
Pagon, MD, he has provided Neurology Alert with this
first monthly Century Alert, an accompanying, informa-
tive table listing genetic neurological diseases with clini-
cally available DNA-based genetic testing. This infor-
mation is inserted in this issue for current subscribers.
As a public service, it will be provided free to others
who request it by calling Customer Service at 1-800-
688-2421. Additions to the table as well as new discov-
eries in this important clinical field will be added to
future monthly Alerts when appropriate. —fp

Antiphosphatidyl 
Serine Antibodies 
and Ischemic Stroke
A B S T R A C T  &  C O M M E N T A R Y

Source: Tuhrim S, et al. Antiphosphatidyl serine antibodies
are independently associated with ischemic stroke. 
Neurology 1999;53:1523-1527.

Anticardiolipin antibodies (acl) are associat-
ed with an increased risk of thromboembolism and

stroke, particularly in the young. Antibodies against
phosphatidylserine (aPS), another phospholipid epitope,
may pose a similar risk. In a recent cohort of young
patients with cryptogenic stroke, 18% showed aPS posi-
tivity (Toschi V, et al. Stroke 1998;29:1759-1764).
Tuhrim and colleagues now report on the strength of this
association, comparing the incidence of aPS among
stroke patients with that of the general population.

In a case-control study of 267 acute ischemic stroke
patients (age > 45) and 653 community controls, aCL
positivity was found in 15.7% and 5.7%, respectively. A
positive titer was defined as an IgG aPS of more than 16
or an IgM aPS of more than 22 ELISA units. Adjusting
for age, gender, ethnicity, and traditional stroke risk fac-
tors, the odds ratios (ORs) for stroke were 5.6 for aPS
IgG, 2.9 for aPS IgM, and 3.2 for any positive aPS titer.
Due to a low prevalence of aPS among Hispanic con-
trols of only 1.8%, the OR for stroke among this group
was particularly high, 22.9.

APS represents an important addition to standard
antiphospholipid antibody testing. Although the major-
ity of aPS positive patients (9/15) were also found to
have aCL antibodies, the remainder were negative for
aCL. These patients would, therefore, have been mis-

classified as antiphospholipid antibody negative if aPS
were not included in serologic testing.

■ COMMENTARY
The mechanism by which aCL or aPS antibodies

induce thrombosis is not well understood. Cofactors
such as B2-glycoprotein I, annexin-V, or other antiphos-
pholipid antibodies, discussed briefly by Tuhrim et al,
may ultimately distinguish between patients with benign
versus malignant syndromes.

Young patients with unexplained stroke should be
exhaustively tested for these antibodies. Broader testing
depends on whether management decisions would be
affected by these results. Pending controlled trials, treat-
ment options remain controversial. Many experts,
including this author, recommend chronic, high-intensi-
ty anticoagulation with warfarin (Khamastha MA, et al.
N Eng J Med 1995;332:993-997). —azs (Dr. Alan Z.
Segal is Assistant Professor, Department of Neurology,
Weill-Cornell Medical College, Attending Neurologist,
New York Hospital.)

Migraine Genetics
A B S T R A C T  &  C O M M E N T A R Y

Source: Gervil M, et al. Migraine without aura: A popula-
tion-based twin study. Ann Neurol 1999;46:606-611.

Migraine genetics has become an area of
intense interest since the recent findings that

familial hemiplegic migraine is caused by specific
mutations at chromosomes 1 and 19. Although this rep-
resents an uncommon clinical syndrome, population-
based genetic studies have been useful in tracing a
genetic component for the more general condition of
migraine with aura. The current population twin-based
study was undertaken to examine genetic factors in
migraine without aura. There were 2680 monozygotic
and same-sex dizygotic twin pairs recruited from the
population-based Danish Twin Registry. One of the pair
of 1136 twin pairs screened positive for migraine or
severe headache and was eligible. Follow-up interviews
were obtained in 947 twin pairs (353 monozygotic, 594
dizygotic). The pairwise concordance rate was higher in
the monozygotic (28%) than in the dizygotic (18%)
twin pairs (P = 0.04). Furthermore, the probandwise
concordance rate was also higher in the monozygotic
(40% CI, 33-48%) compared to the dizygotic (28% CI,
23-33%) twin pairs. Gervil and associates conclude that
the genetic susceptibility to migraine without aura
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reflects the contribution of several minor genes. The
conclusion derives from the fact than the concordance
rate in both monozygotic and dizygotic twin pairs is
only moderate, a fact reflected by the monozygotic con-
cordance rate of less than 50% penetrance. 

■ COMMENTARY
The current study is the first to demonstrate the com-

plex genetic factors underlying migraine. Given the vari-
able expression of migraine, genetic twin studies of this
kind have been difficult to perform. This study is impor-
tant not only for what it shows but how it shows it. In a
condition like migraine with a general population preva-
lence rate of 15-20%, population-based genetic studies
require meticulous methodology. Indeed, Gervil et al not
only used the best twin registry in the world, but also
relied on direct interview techniques using International
Headache Society standard operational criteria. The 1.4
times concordance rate for migraine without aura in
monozygotic compared to dizygotic twins was modest
and suggests a combination of genetics and environmen-
tal factors. The fact that the dizygotic risk was similar to
nontwin siblings of probands in the general population
suggests that environmental factors are specific for the
individual and not shared. —jr

Silent Embolism in 
Diagnostic Cerebral 
Angiography and Neuro-
interventional Procedures
A B S T R A C T  &  C O M M E N T A R Y

Source: Bendszus M, et al. Silent embolism in diagnostic
cerebral angiography and neurointerventional procedures: 
A prospective study. Lancet 1999;354:1594-1597.

Bendszus and colleagues used clinical crite-
ria complemented by MRI scanning with diffusion

weighted imaging (DWI) to evaluate the safety of diag-
nostic and interventional cerebral angiography. One
hundred consecutive patients (66 diagnostic, 34 inter-
ventional) were evaluated. DWI imaging showed 42 new
lesions in 23 patients (17 diagnostic, 6 interventional),
with no clinical correlates. The frequency of DWI
lesions was significantly higher in patients with vascular
risk factors (44%) than in those without (13%). Abnor-
mal DWI was also associated with procedural factors
such as difficulty in probing vessels, increases in quanti-

ty of contrast medium, fluoroscopy time, and number of
catheters used.

DWI was more frequently abnormal in diagnostic
(26%) than in interventional cases (18%). DWI lesions
were confirmed by standard T2 and FLAIR imaging in
all patients (n = 8) who had follow-up imaging.

■ COMMENTARY
These data suggest that a high rate of asymptomatic

microemboli may be detected by DWI imaging. Patients
with underlying vasculopathy were at highest risk, pre-
sumably due to an increased burden of atheroma in the
aorta and great vessels. Patients undergoing interven-
tional procedures were at lower risk, possibly due to a
lesser amount of vasculopathy in these patients. The
routine use of heparin in interventional cases might also
have been protective (Debrun GM, et al. Am J
Roentgenol 1982;139:139-142). 

Are these DWI abnormalities clinically important and
should the data call into question the safety of diagnostic
angiography? Although nearly a quarter of the patients
in this series had positive DWIs, none had clinical
sequelae. Similarly, data from Transcranial Doppler
studies in cardiac catheterization suggest that while
microemboli (possibly composed of saline or contrast
bubbles, tiny thrombi, or flecks of cholesterol) are com-
mon, they do not produce acute neurological effects
(Bladin CF, et al. Stroke 1998;29:2367-2370). However,
more sensitive neuropsychiatric batteries performed in
follow-up of cardiac surgery patients have shown subtle
effects correlating with microembolic signals on TCD
(Braekken SK, et al. J Neurol Neurosurg Psych 1998;65:
573-575). —azs

Routine Screening of 
First-Degree Relatives 
of Patients With Sporadic
SAH is Not Necessary
A B S T R A C T  &  C O M M E N T A R Y

Source: The Magnetic Resonance Angiography in Relatives
of Patients with Subarachnoid Hemorrhage Study Group.
Risks and benefits of screening for intracranial aneurysms in
first-degree relatives of patients with sporadic subarachnoid
hemorrhage. N Engl J Med 1999;341:1344-1350.

The risk of subarachnoid hemorrhage (sah)
among first-degree relatives of affected persons is
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three to seven times greater than in the general popula-
tion (Bromberg JE, et al. BMJ 1995;311:288-289;
Schievink WI, et al. J Neurosurg 1995;83:426-429).
Magnetic resonance angiography (MRA) can detect
intracranial aneurysms and makes possible noninvasive
screening of asymptomatic individuals.

The Dutch Group studied the risks and benefits of
screening first-degree relatives of 160 patients with spo-
radic SAH. MRA was used to screen 626 first-degree
relatives (30 parents, 346 siblings, and 250 children).
Their mean age was 41 ± 12 years and 325 were women.
Conventional angiography was used in subjects thought
to have aneurysms on the basis of the MRA results. Six
months after elective surgery outcome was assessed by
means of the modified Rankin scale of neurologic func-
tion. The efficiency of screening was defined by the
number of relatives who needed to be screened in order
prevent one SAH.

MRA disclosed one or more definite aneurysms in
18 subjects, possible aneurysms in 30, and no
aneurysms in 578. Two subjects with definite
aneurysms declined further assessment. Including these
two, the study found 33 unruptured aneurysms in 25 of
626 first-degree relatives (4.0%).

Eighteen of 25 relatives underwent elective surgery.
Five of the 18 patients had medium-sized aneurysms (5-
11 mm in diameter), 11 had small aneurysms (< 5 mm in
diameter), and two had both small and medium-sized
aneurysms. At surgery, all aneurysms were clipped
except for one aneurysm in the cavernous sinus in a sub-
ject with multiple aneurysms.

Surgery increased estimated average life expectancy
by a total of 2.5 years (from 32.5-35.0 years) or by four
weeks per person screened. In 11 of 18, surgery resulted
in a decrease in function that was disabling in one per-
son. If these sequelae persist for an average of 21 of the
expected 35 years of life after surgery compared to an
average of only two years of disability expected from
SAH in the 32.5 remaining years of life in unoperated
subjects, the difference is 19 average years of decreased
function per surgical person.

The number of relatives who would need to be
screened in order to prevent one SAH on a lifetime basis
was 149, and 298 would have to be screened in order to
prevent one fatal SAH. The group, therefore, concludes
that screening first-degree relatives of patients with spo-
radic SAH is not warranted.

■ COMMENTARY
Estimates of the risk of rupture of intact aneurysms and

the outcome after SAH hemorrhage available from previ-
ous studies were used to calculate life expectancy. Previ-

ous studies (Rinkel GJE, et al. Stroke 1998;29:251-256)
have shown a clear association between rates of rupture
and size of aneurysms. The rupture rate for aneurysms
less than 10 mm in diameter may be less than 0.05% per
year (The International Study of Unruptured Intracranial
Aneurysms Investigators. N Engl J Med 1998;339:1725-
1733). The present group initially used a higher value of
0.5% annual risk of rupture for aneurysms smaller than 5
mm in diameter. This figure may better represent the risk
of rupture in persons with familial cases, based on the
recent finding that asymptomatic aneurysms are more
likely to rupture in relatives of patients with SAH than in
relatives of patients with unruptured aneurysms (Kojima
M, et al. Neurosurgery 1998;43:776-781). Nevertheless,
one may question the wisdom of operating on patients
with unruptured small aneurysms.

The group found a prevalence of unruptured
aneurysms (4%) that is twice the prevalence in the gen-
eral population as derived from autopsy and angiograph-
ic studies (Rinkel GJE, et al. Stroke 1998;29:251-256)
but is one-half the 8% prevalence among persons who
have at least two relatives with SAH (Ronkainen A, et
al. Lancet 1997;349:380-384; Raaymakers TW, et al.
Neurology 1998;51:1125-1130). It is possible that their
figure of 4% is an underestimation because of the limit-
ed sensitivity of MRA in detecting small aneurysms
(Atlas SW, et al. Radiology 1997;203:807-814).

The study confirms that the angiographic evaluation
and surgical treatment of intracranial aneurysms have
risks and that positive and negative effects, as well as
costs, must be taken into account when making general
recommendations about a screening program such as the
one reported. It remains for the individual physician,
when relatives of a patient with sporadic SAH seek
advice, to weigh the pros and cons of screening in mak-
ing a recommendation for further diagnostic imaging
and elective surgery. The study conclusions were
“Implication of a screening program for first-degree rel-
atives of patients with sporadic subarachnoid hemor-
rhage does not seem warranted at this time. . . ,” Neurol-
ogy Alert agrees. —jjc

Examples of the 
Advancement of Clinical
Neuroscience Since 1992
N E U R O L O G I C A L  U P D A T E

In the early spring of 1992, 32 basic and clinical
neuroscientists met at the Cold Spring Harbor New
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York Laboratories under the auspices of the Dana Foun-
dation and the leadership of James Watson. The purpose
was to choose 10 of the most important neurological dis-
eases waiting to be solved during the remaining eight
years of the Decade of the Brain. The predicted findings
(bold face) and some of the actual achievements (plain
print) are listed below.
1. Identification of genes for familial Alzheimer’s

and Huntington’s diseases.
• AD: The precursor protein gene on Cr21; the apopro-

tein gene on Cr19; the Presenilin gene 1 on Cr14; and
the Presenilin 2 on Cr1.

• HD: The gene producing normal huntinin on Cr4 nat-
urally generates 11-34 CAG (glutamine) repeats,
whereas abnormal huntintin generates 40-120 repeats
and produces the disease. Seven other genetic disor-
ders also possess an excess of unstable CAG repeats.

2. Specific gene identification of manic-depressive ill-
ness: None.

3. Development of new medications and therapeutic
strategies for stroke and other forms of brain
injury.

• For acute stroke treatment: TPA for stroke preven-
tion: treat early hypertension; treat atherosclerotic
auricular fibrillation with coumadin; other approach-
es only experimental.

4. Develop new drugs for multiple sclerosis;
Alzheimer’s disease; motor neuron disease;
Parkinson’s disease; epilepsy.

• Multiple sclerosis: beta-interferon, copolymer A.
AD: Aricept, estrogens, NSAIDS-VIT E.

• MND: Riluzole. PD: new drugs; partial pallidotomy;
deep brain stimulation of the pallidum or the subthal-
amic nucleus; selective fetal implants. EPI: Seven
new drugs, vagal stimulation. 

5. Identify new treatments to promote nerve regen-
eration following spinal and peripheral nerve
injury.

• Growth factors ineffective; favorable neuronal repair
by stem cells injected into traumatic spinal cord.

6. Develop new and more effective treatments for
manic-depressive illness, anxiety disorder, and
forms of schizophrenia that presently resist treat-
ment. 

• Several new agents bring modest improvements, none
spectacular.

7. Discovery, testing, and application of agents that
would block the action of cocaine and other addic-
tive substances. Only experimental data available.

8. Development of new treatments for pain associat-
ed with cancer, arthritis, migraine headache, and
other debilitating illnesses. 

• New approaches ameliorate cancer pain, migraine,
central and other pains; readjustments of opiates for
cancer pain; deep surgical stimulation of thalamic and
motor cortex areas may relieve other pain.

9. Identification of genes that cause hereditary deaf-
ness or blindness.

• Many genes have been identified, more are still being
discovered.

10. Elucidation of the neural mechanisms involved in  
learning and memory.

• Memory found to encompass many dimensions: long
vs. short; instinctive vs. learned; cognitive vs. spatial;
short vs. immediate. No immediate memory = no
awareness.

■ COMMENTARY
The high percentage of predicted discovery among

the above targets indicates how rapidly clinical neuro-
science is developing as the century opens and pro-
ceeds. Pain amelioration is likely to improve due to
ingenious targeting of specific pharmacologic agents
directed against particular types of pain. I suspect that
highly selected neurosurgical treatments may return
from a not very flourishing present industry to do the
same. Top of the effort, of course, is to identify the pre-
sumed genetic mixtures that underlie bipolar disorder
as well as the several forms of schizophrenia. In the
meantime at least, new drugs may help, but most of the
present ones seem to relate to fairly similar templates.
Neurology Alert hopes we can get the information to
our readers as soon as confirmed. (I thank the Dana
Foundation and Joseph B. Martin, MD, PhD, of Har-
vard Medical School [see Martin JB. N Engl J Med
1999;340:1970-1980], for assistance in gathering
information about this material.) —fp

Subcutaneous Sumatriptan
Injection for the Acute 
Treatment of Migraine
A B S T R A C T  &  C O M M E N T A R Y

Source: O’Quinn S, et al. Prospective large-scale study of the
tolerability of subcutaneous sumatriptan injection for the
acute treatment of migraine. Cephalalgia 1999;19:223-231.

The new 5-ht 1d/1b agonists have revolution-
ized the treatment of migraine. The mechanism of

action appears to be both the inhibition of neurogenic
inflammation by binding to presynaptic 1D receptors on
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trigeminal afferents and vasoconstriction through action
at the post-synaptic 1B receptors on cerebral blood ves-
sels. Sumatriptan has been the prototype of the class and
the only one available in parental formulations. Initial
enthusiasm for the drug was tempered by sporadic
reports of serious cardiac complications. The coronary
arteries also contain 1B receptors and there has been
both theoretical and clinical concern about triptan-
induced coronary artery vasospasm. O’Quinn and col-
leagues have succeeded in putting the serious risks from
triptans in perspective.

The present study described a multicentered, prospec-
tive, uncontrolled, open-labeled design looking at seri-
ous adverse events associated with sumatriptan injec-
tion. There were 12,339 migraineurs followed for one
year under usual practice parameters. There were 86%
women, the mean age was 40.9 years, and the total num-
ber of headaches treated was 185,569 with a mean of 15
attacks per patient. Twenty-five deaths occurred but
none of the causes was attributable to sumatriptan.
There were six fatal cardiac and cerebrovascular events
remote from sumatriptan use. Four patients had strokes
and three reported TIAs. Of these, only two had events
within 24 hours of using sumatriptan. None was left
with a serious disability. Furthermore, O’Quinn et al
noted that this incidence of stroke matches the expected
incidence of stroke in this population. Thirty-six patients
had noncardiac events. Three myocardial infarctions
occurred at least three days remote from the use of
sumatriptan. In the six reports of angina, one occurred
within 24 hours of using sumatriptan. Sixteen patients
were noted to have minor arrhythmias, such as palpita-
tions, and tachycardia within 24 hours of using suma-
triptan. O’Quinn et al conclude that sumatriptan injec-
tion is safe for large numbers of patients under usual
practice guidelines according to labeled instructions.

■ COMMENTARY
This large-scale study is important for several rea-

sons. It provides us an accurate assessment of triptan
safety. Since the sumatriptan injection is the most potent
dosage, it is easy to extrapolate to the other triptans as
well. When sensible practice guidelines are followed
and patients most at risk for coronary vascular disease
are screened, the triptans prove to be a safe medication.
Despite their impact, the triptans as a class occupy only
about 30% of prescribed migraine drugs. Despite the
fact that usual pain medications do not treat migraine
well, Tylenol with codeine and other analgesics remain
the number one prescribed migraine remedy. Neurology
Alert thinks this study should convince more practition-

ers that safe and effective alternatives exist for their
migraine patients who have not yet tried one of the new
5-HT 1D/1B agonists. —jr

Osteopathic Manipulation 
for Low Back Pain
A B S T R A C T  &  C O M M E N T A R Y

Source: Andersson GB, et al. A comparison of osteopathic
spinal manipulation with standard care for patients with low
back pain. N Engl J Med 1999;341:1426-1431.

Over a two-year period, 178 patients between
the ages of 20 and 59 years with low back pain of

three weeks to six months duration were enrolled in this
12-week comparison study of standard medical care vs.
osteopathic spinal manipulation. Patients with clinically
apparent nerve root compression, scoliosis, serious med-
ical disease, diabetic neuropathy, drug or alcohol abuse,
psychiatric illness, or with no known manipulatable
lesion were excluded, as were cases involving litigation.

Patients were divided between a) standard medical
care (n = 85) including muscle relaxants, analgesics,
anti-inflammatory medication, physical therapy, ultra-
sound, diathermy, corset use, and transcutaneous electri-
cal nerve stimulation, or b) osteopathy (n = 93), com-
prising the above supplemented by manipulation tech-
niques, including thrust, muscle energy, counterstrain,
articulation, and myofascial release. At four weekly, fol-
lowed by four biweekly, visits, patients were evaluated
by a nurse practitioner and physician; primary outcome
measures included a visual-analog pain scale, the 24-
item Roland-Morris adaptation of the Sickness Impact
Profile which evaluates loss of function due to back pain
(Roland M, Morris R. Spine 1983;8:141-144), two items
from the North American Lumbar Spine Society Out-
come Assessment Instrument to evaluate pain frequency
and vexatiousness (Daltroy LH, et al. Spine 1996;21:
741-749), and the 10-item Oswestry pain questionnaire
dealing with pain and disability (Fairbank JC, et al.
Physiotherapy 1980;66:271-273). Statistical analysis
included the Wilcox rank-sum test, chi-square test, and
Fisher’s exact test.

Twenty-three patients dropped out and were excluded
from the primary analysis (2 for elevated sedimentation
rate discovered on work-up, 21 for unknown
reasons/poor follow-up). Both groups were well
matched demographically, socioeconomically, and with
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respect to work-related conditions, job satisfaction, edu-
cation, income, and marital status. Overall, both groups
were comparable for all primary end points with
improvement noted in all measurements, but the stan-
dard group used significantly more physical therapy,
nonsteroidal anti-inflammatory agents, and muscle
relaxants, resulting in a significant difference in cost.
More than 90% in both groups were satisfied with their
care and 80% overall accepted their back problem well.
Osteopathic care is comparable to standard medical care
for low back pain but appears to offer the advantage of
greater cost-effectiveness, as realized by the use of less
medication and less physical therapy.

■ COMMENTARY
Among alternative modes of therapy for nonspecific

low back pain, acupuncture, one of the oldest and least
understood would appear, based on a literature review of
randomized controlled trials, to be of no significant benefit
(van Tulder MW, et al. Spine 1999;24:1113-1123). Of 11
controlled trials, only two met a preset standard for high
quality and these demonstrated no benefit for acupuncture
over no treatment, nor compared to transcutaneous nerve
stimulation (TENS) or trigger point injection. Evidence
indicated that for chronic low back pain, placebo or sham
acupuncture was not inferior to true acupuncture.

Low-intensity (1.06 microm) neodymium:yttrium-
aluminum-garnet (Nd:YAG) laser, administered thrice
weekly for four weeks in a randomized, double-blind,
placebo-controlled fashion to 63 low back pain patients,
ages 18-70 years, demonstrated only moderate benefit
which diminished by one month of follow-up (Basford

JR, et al. Arch Phys Med Rehabil 1999;80:647-652).
One factor of definite use in the management and pre-
vention of low back pain is cessation of smoking (Scott
SC, et al. Spine 1999;24:1090-1098). Among more than
3200 patients with and without scoliosis, a statistically
significant association was found between smoking and
low back pain in women with or without scoliosis and in
men with scoliosis, but not without. Back pain was more
prevalent with increased smoking, and pain intensity,
frequency, and duration of episodes similarly increased
with tobacco use. Overall, smoking appears to exacer-
bate back pain, particularly in individuals with pre-exist-
ing spinal pathology, but in everyone cessation of smok-
ing is to be strongly encouraged. —mr

CME Questions
1. The percent prevalence of unruptured aneurysms among 

persons who have at least two relatives with SAH is:
a. 2%.
b. 4%.
c. 6%.
d 8%.
e. 10%.

2. Osteopathic care for low back pain:
a. is not as safe as standard medical care.
b. may offer the advantage over standard medical care of requiring

less medication for benefit to be realized.
c. requires more medication for benefit to be realized than 

standard medical care, but patients prefer the former due to its
simplicity.

d. is no more beneficial than doing nothing.
e. is the gold standard for care of low back pain.
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By Nancy B. Hanson, MS,
Roberta A. Pagon, MD, and 
Thomas D. Bird, MD

The molecular genetic revolution is having a
major impact on the practice of neurology. This phe-

nomenon is especially evident in the area of genetic testing
for inherited diseases of the nervous system. The accompa-
nying table lists more than 100 neurological disorders for
which a direct DNA test is now commercially available. This
table should be of considerable benefit to the busy practicing
neurologist who needs quick information concerning the
availability of genetic diagnostic testing for the differential
diagnosis of specific patients. Metabolic and other non-DNA
tests are not listed in this table, but further information about
all types of genetic tests can be found at www.genetests.org.
This website provides names and phone numbers of labora-
tories performing genetic testing as well as research labora-
tories that may be performing additional tests on a noncom-
mercial (research) basis. A complementary website (www.
geneclinics.org) provides clinical information and guidelines
for interpreting and using DNA tests for many of the disor-
ders listed in the table.

Direct DNA testing is a powerful clinical tool that has
both risks and benefits.1 DNA-based testing directly ana-
lyzes disease-causing genes. Therefore, this testing can
establish a highly specific diagnosis that may have important
prognostic and treatment implications. Test results may also
have an important bearing on genetic counseling and esti-
mates of risks to other family members. One example is
DNA testing that is now available for many forms of inherit-
ed ataxia. It is critical to differentiate Fredreich’s ataxia (FA)
from the dominant spinocerebellar ataxias, and this can usu-
ally be accomplished by DNA testing.2 The FA phenotype
may overlap that of other ataxias and DNA testing can be
highly valuable in establishing the correct diagnosis. This
distinction is important because FA typically has an earlier
age of onset, an earlier age at death, and increased risk for
heart disease and diabetes, and is autosomal recessive com-
pared with the autosomal dominant ataxias.

DNA testing is relatively cost effective compared with
other diagnostic laboratory tests. DNA tests typically cost
$250-$800. Such tests may also someday be useful in identi-
fying carriers of disease mutations early enough for initiation
of therapeutic drugs and treatments. This largely remains a

hope for the future, because most neurogenetic disorders
have no specific treatments at the present time.

It is worth noting that some DNA-based tests do not
identify all possible mutations in a disease gene and other
diagnostic tests may also be required. For example, the
available DNA test for Duchenne Muscular Dystrophy
(DMD) identifies only about 70% of the potential mutations
in the DMD gene and a muscle biopsy with straining for
dystrophin (the gene product) may be necessary to confirm
the diagnosis in some cases.

It is also important to recognize that genetic testing has
serious potential risks. A frequent concern is increased stress,
anxiety, and depression in individuals receiving a positive test
result. This is of particular concern with diseases causing
severe progressive disability and reduced lifespan, such as
Huntington’s disease, familial ALS, and early onset familial
Alzheimer’s disease.3 Patients need genetic counseling prior
to obtaining DNA tests and this is especially true for asymp-
tomatic persons trying to determine if they have inherited a
disease mutation.4,5 Patients may have very real concerns
regarding possible loss of employment or insurance and most
legislatures have not yet come to grips with regulating these
issues. The website www.genetests.org also has a directory of
genetic clinics to help the clinician locate appropriate genetic
counseling resources.

Other areas of concern in the use of DNA tests include the
testing of children, testing during adoption proceedings, pre-
natal diagnosis and termination of pregnancy, and use of test-
ing in legal proceedings, such as criminal cases, child cus-
tody, and divorce. Guidelines for such situations and the
experience of genetic testing centers have been reported and
additional experiences will continue to be published.1,4-6

The genetic diagnosis field is moving rapidly and new
DNA tests will continue to become available on a regular
basis. The table attached to this report and the www.
genetests.org website will be regularly updated. Direct
DNA genetic testing provides a remarkable valuable and
useful technology that must be combined with caution and
good clinical judgment in order to provide the greatest ben-
efit for our patients and their families. —tdb, nbh, rap
(Thomas D. Bird, MD, Nancy B. Hanson, MS, and Roberta
A. Pagon, MD, Departments of Pediatrics, Medicine, and
Neurology, University of Washington, Children’s Hospital
and Regional Medical Center, and VA Puget Sound Medical
Center, Seattle, WA.)

Direct DNA Testing for 
Neurogenetic Diseases
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Table

Neurologic Diseases with Clinically Available DNA Based Genetic Testing

Disease Name Gene Symbol Gene Locus Gene Product Pattern of Inheritance

Acid Phosphatase Deficiency ACP2 11p12-p11 Lysosomal Acid Phosphatase Autosomal Recessive

ACP3 Chromosome 11

Adenosine Monophosphate Deaminase 1 AMPD1 1p21-p13 AMP Deaminase 1 Autosomal Dominant

Adrenoleukodystrophy, Recessive PEX 10 Autosomal Recessive

PXR1 12p13 Peroxisomal Targeting

Signal 1 Receptor

Adrenoleukodystrophy, X-linked ALD Xq28 Adrenoleukodystrophy protein X-linked

Alpha-Mannosidosis MANB 19cen-q12 Lysosomal Alpha-Mannosidase Autosomal Recessive

Alzheimer Disease, Early Onset Familial PSEN1 14q24 Presenillin 1 Autosomal Dominant

(Presenillin 1)

Amyloidosis Type 1 TTR 18q11-q12 Transthyretin Autosomal Dominant

Amyotrophic Lateral Sclerosis, Familial SOD1 21q22 Superoxide Dismutase (Cu-Zn) Autosomal Dominant

Angelman Syndrome ANCR 15q11-q13 Imprinting

UBE3A 15q11-q13 Ubiquitin-protein ligase E3A Microdeletion

Apert Sydrome FGFR2 10q26 Fibroblast growth factor receptor 2 Autosomal Dominant

Apolipoprotein E Genotyping APOE 19q13 Apolipoprotein E Autosomal Recessive

Ataxias—See

Ataxia Telangiectasia

Friedreich Ataxia

Spinocerebellar Ataxia Type 1

Spinocerebellar Ataxia Type II

Spinocerebellar Ataxia Type III

Spinocerebellar Ataxia Type VI

Spinocerebellar Ataxia Type VII

Ataxia Telangiectasia ATM 11q22-q23 Autosomal Recessive

Barth Syndrome TAZ Xq28 Tafazzin X-linked

Becker Muscular Dystrophy DMD Xp21 Dystrophin X-linked

Canavan Disease ASPA 17pter-p13 Aspartoacylase Autosomal Recessive

Camitine Deficiency, Systemic SLC22A5 5q31 Autosomal Recessive

Camitine Palmitoyltransferase Deficiency CPT1A 11q Mitochondrial Camitine

Palmitoyltransferase I Autosomal Recessive

CPT2 1p32 Mitochondrial Camitine

Palmitoyltransferase II

Cerebral Autosomal Dominant Arteriopathy with NOTCH3 19p13.2-p13.1 Notch (Drosophila) homolog 3 Autosomal Dominant

Subcortical Infarcts and Leukoencephalopathy

(CADASIL)

Charcot-Marie-Tooth Disease, Dominant EGR2 (KROX20) 10q21-q22 Early growth response protein 2 Autosomal Dominant

(Type 1) MPZ (CMT1B) 1q22 Myelin PO protein

PMP22 17p11 Peripheral myelin protein 22

(CMT1A/HNPP)

Charcot-Marie-Tooth Disease, X-linked GJB1(CX32) Xq13 Gap junction beta-1 protein

(Connexin 32) X-linked

Coffin-Lowry Syndrome RPS6KA3 Xp22 Ribosomal Protein S6

Kinase II Alpha 3 X-linked Dominant

Congenital Hypomyelination Neuropathy (CHN) MPZ 1q22 Myelin PO protein

Congenital Muscular Dystrophy LAMA2 6q22-q23 Laminin Alpha-2 Chain Autosomal Recessive

(Laminin/Merosin type)

Cri du Chat Syndrome 5p deletion Chromosome Deletion

Dentatorubral-Pallidoluysian Atrophy DRPLA 12p13 Atrophin-1 Autosomal Dominant

DiGeorge Syndrome DGCR 22q11 Autosomal Dominant

DGS2 10p14-p13 Microdeletion

Neurology Alert Supplement 3



Table continued

Neurologic Diseases with Clinically Available DNA Based Genetic Testing

Disease Name Gene Symbol Gene Locus Gene Product Pattern of Inheritance

Dihydropterin Reductase Deficiency QDPR 4p15 Dihydropteridine Reductase Autosomal Recessive

Duchenne Muscular Dystrophy DMD Xp21 Dystrophin X-linked Recessive

Dystonia Type 1 DYT1 9q34 TorsinA Autosomal Dominant

Dystonia, Dopa Responsive

See GTP Cyclohydrolase Deficiency, Dominant

Emery-Dreifuss Muscular Dystrophy EMD Xq28 Emerin X-linked Recessive

LMNA 1q21 Lamin A Autosomal Dominant

Epidermolysis Bullosa with Muscular Dystrophy PLEC1 8q24 Plectin 1 Autosomal Recessive

Fabry Disease GLA Xq22 Alpha-Galactosidase A X-linked Recessive

Facioscapulohumeral Muscular Dystrophy FSHMD1A 4q35 Autosomal Dominant

Fragile X Syndrome FMR1 Xq27 Fragile X mental

retardation 1 protein X-linked

FRAXE Syndrome FMR2 Xq28 Fragile X mental 

retardation 2 protein X-linked Recessive

Friedreich Ataxia FRDA1 9q13 Frataxin Autosomal Recessive

Fructose 1,6 Bisphosphatase Deficiency FBP1 9q22 Fructose-1,6-Bisphosphatase Autosomal Recessive

Fumarate Hydratase Deficiency FH 1q42 Fumarate Hydratase

GTP Cyclohydrolase Deficiency, Dominant GCH1 14q22 GTP Cyclohydrolase I Autosomal Dominant

Gaucher Disease GBA 1q21 Glucosylceramidase Autosomal Recessive

Glycogen Storage Disease Type V (McArdie) PYGM 11q13 Glycogen Phosphorylase,

Muscle Form Autosomal Recessive

Hereditary Fructose Intolerance ALDOB 9q22 Fructose-Bisphosphate 

Aldolase B (Liver) Autosomal Recessive

Hereditary Neuropathy with Liability to Pressure PMP22 17p11 Peripheral myelin protein 22 Autosomal Dominant

Palsies (HNPP)

Homocystinuria CBS 21q22 Cystathionine Beta-Synthase Autosomal Recessive

Huntington Disease HD 4p16 Huntington Autosomal Dominant

Hurler Syndrome

See Mucopolysaccaridosis Type I

Hunter Syndrome

See Mucopolysaccaridosis Type II

Hyperkalemic Periodic Paralysis SCN4A 17q23-q25 Sodium Channel Protein,

Skeletal Muscle Autosomal Dominant

Alpha-Subunit

Hypokalemic Periodic Paralysis CACNA1S 1q32 Voltage dependent L-type 

calcium channel, Autosomal Dominant

alpha-1S subunit

Kallmann Syndrome, X-linked KAL1 Xp22 Kallmann Syndrome Protein X-linked

Kennedy Disease (Spinobulbular AR Xq11-q12 Androgen receptor X-linked

Muscular Atrophy)

KeamsSayre—See Mitochondrial

Krabbe Disease GALC 14q24-q32 Galactocerebrosidase Autosomal Recessive

Langer-Giedion Syndrome LGCR 8q24 Autosomal Dominant

Microdeletion

Leber Hereditary Optic Neuropathy

See Mitochondrial

Lesch-Nyhan Syndrome HPRT1 Xq26-q27 Hypoxanthine-Guanine 

Phosphoribosyl X-linked

Transferase

Leigh Disease—See Mitochondrial
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Table continued

Neurologic Diseases with Clinically Available DNA Based Genetic Testing

Disease Name Gene Symbol Gene Locus Gene Product Pattern of Inheritance

Limb-Girdle Muscular Dystrophy Autosomal Recessive

LGMD 2A CAPN3 15q15-q21 Calpain P94, Large

(Catalytic) Subunit

LGMD 2D SGCA 17q12-q21 Alpha Sarcoglycan

LGMD 2E SGCB 4q12 Beta Sarcoglycan

LGMD 2F SGCD 5q33 Delta Sarcoglycan

Lissencephaly PAFAH1B1 17p13 Platelet-Activating Microdeletion

Factor Acetylhydrolase 1B

Alpha subunit

Long Chain 3-Hydroxyacyl-CoA HADHA 2p23 Mitochondrial Trifunctional 

Dehydrogenase Deficiency Enzyme Alpha Subunit Autosomal Recessive

HADHB 2p23 Mitochondrial Trifunctional 

Enzyme Beta Subunit

Malignant Hyperthermia Susceptibility CACNA1S 1q32 Autosomal Dominant

MHS2 17q11-q24

MHS3 7q21-q22

MHS4 3q13

MHS6 5p

RYR1 19q13 Ryanodine Receptor,

Skeletal Muscle

McArdie Syndrome

See Glycogen Storage Disease Type V

Medium Chain Acyl-CoA ACADM 1p31 Acyl-CoA Dehydrogenase,

Dehydrogenase Deficiency Medium-Chain Specific Autosomal Recessive

Menkes Disease ATP7A Xq12-q13 Copper-Transporting

ATPase 1 X-linked Recessive

Methylenetetrahydro Folate Reductase MTHFR 1p36 Methylenetetrahydro 

Deficiency Folate Reductase Autosomal Recessive

Miller-Dieker Syndrome 17p13 Autosomal Recessive

Microdeletion

Mitochondrial Diseases Mitochondrial

Keams-Sayre mitochondrial

Leber Optic Atrophy (LHON) MTND1 mitochondrial NADH-Ubiquinone 

Oxidoreductase Chain 1

MTND4 mitochondrial NADH-Ubiquinone 

Oxidoreductase Chain 4

MTND6 mitochondrial NADH-Ubiquinone

Oxidoreductase Chain 6

MTCYB mitochondrial Cytochrome B

Leigh Disease MTATP6 mitochondrial ATP Synthase 6

Mitochondrial Myopathy Encephalopathy, MTTL1 mitochondrial Mitochondrial tRNA Leucine 1

Lactic Acidosis and Strokelike Episodes

(MELAS)

Myoclonic Epilepsy Associated with Ragged- MTTK mitochondrial Mitochondrial tRNA Lysine

Red Fibers (MERF) MTTL1 mitochondrial Mitochondrial tRNA Leucine 1

Neuropathy, Ataxia, and Retinitis Pigmentosa MTATP6 mitochondrial ATP Synthase 6

(NARP)

Lethal Infantile Mitochondrial Myopathy MTTT mitochondrial Mitochondrial tRNA 

Threonine

Mucopolysaccharidosis Type I (Hurler) IDUA 4p16 Alpha-L-Iduronidase Autosomal Recessive
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Table continued

Neurologic Diseases with Clinically Available DNA Based Genetic Testing

Disease Name Gene Symbol Gene Locus Gene Product Pattern of Inheritance

Mucopolysaccharidosis Type II (Hunter) IDS Xq28 Iduronate 2-Sulfatase X-linked Recessive

Mucopolysaccharidosis Type IIIB (San Filippo) NAGLU 17q21 Alpha-N-

Acetylglucosaminidase Autosomal Recessive

Muscular Dystrophy, see

Becker Muscular Dystrophy

Duchenne Muscular Dystrophy

Limb-Girdle Muscular Dystrophy

Myotonic Dystrophy

Oculopharylgeal Muscular Dystrophy

Myotonia Congenita, Dominant CLCN1 7q35 Chloride Channel Protein,

Skeletal Muscle Autosomal Dominant

SCN4A 17q23-q25 Sodium Channel Protein,

Skeletal Muscle

Alpha-Subunit

Myotonia Congenita, Recessive CLCN1 7q35 Chloride Channel Protein,

Skeletal Muscle Autosomal Recessive

Myotonic Dystrophy DMPK 19q13 Myotonin-Protein Kinase Autosomal Dominant

Neurofibromatosis Type 1 NF1 17q11 Neurofibromin Autosomal Dominant

Neurofibromatosis Type II NF2 22q12 Merlin Autosomal Dominant

Neuronal Ceroid Lipofuscinosis, Infantile PPT 1p32 Palmitoyl-Protein Thioesterase Autosomal Recessive

Neuronal Ceroid Lipofuscinosis, Juvenile CLN3 16p12 CLN3 Protein Autosomal Recessive

Neuropathy, Hereditary with Liability to Pressure

Palsies, See HNPP

Niemann-Pick Disease, Type A and B SMPD1 11p15 Sphingomyelin Phosphodiesterase Autosomal Recessive

Niemann-Pick Disease, Type C NPC1 18q11-q12 unknown

Norrie Disease NDP Xp11 Norrie disease protein X-linked

Oculopharyngeal Muscular Dystrophy PABP2 14q11-q13 Polyadenylate-Binding Protein 2 Autosomal Dominant

Omithine Transcarbamylase Deficiency OTC Xp21 Omithine Carbamoyltransferase X-linked Dominant

Pelizaeus-Merzbacher Disease PLP Xq22 Myelin proteolipid protein X-linked

Periodic Paralysis,

See Hyperkalemic and Hypokalemic

Phenylketonuria (PAH Deficiency) PAH 12q24 Phenylalanine-4-Hydroxylase Autosomal Recessive

Prader-Willi Syndrome PWCR 15q11-q13 Imprinting Microdeletion

Pyruvoyl Tetrahydropterin Synthase PTS 11q22-q23 6-Pyruvoyl Tetrahydrobiopterin 

Deficiency Synthase Autosomal Recessive

Refsum Syndrome, Adult PHYH 10pter-p11.2 Phytamoyl-CoA Hydroxylase Autosomal Recessive

Rubinstein-Taybi Syndrome CREBBP 16p13 CREB-Binding Protein Autosomal Dominant

San Filippo Syndrome

See Mucopolysaccharidosis Type III

Sandhoff Disease HEXB 5q13 Beta-hexosaminidase beta chain Autosomal Recessive

Smith-Magenis Syndrome SMCR 17p11 Microdeletion

Spinal Muscular Atrophy Types I/II/III NAIP 5q12-q13 Neuronal Apoptosis 

Inhibitory Protein Autosomal Recessive

SMN1 5q12-q13 Survival Motor Neuron Protein 1

Spinobulbar Muscular Atrophy

See Kennedy Disease

Spinocerebellar Ataxia Type I SCA1 6p23 Ataxin-1 Autosomal Dominant

Spinocerebellar Ataxia Type II SCA2 12q24 Ataxin-2 Autosomal Dominant

Spinocerebellar Ataxia Type III MJD 14q24-q31 Machado-Joseph Disease Protein 1 Autosomal Dominant

Spinocerebellar Ataxia Type VI CACNA1A 19p13 Autosomal Dominant

Spinocerebellar Ataxia Type VII SCA7 3p21-p12 Autosomal Dominant
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Table continued

Neurologic Diseases with Clinically Available DNA Based Genetic Testing

Disease Name Gene Symbol Gene Locus Gene Product Pattern of Inheritance

Spinocerebellar Ataxia Type VIII SCA8 13q21 Autosomal Dominant

Tay-Sachs Disease HEXA 15q23-q24 Beta-hexosaminidase alpha chain Autosomal Recessive

Tuberous Sclerosis TSC1 9q34 Hamartin Autosomal Dominant

TSC2 16p13 Tuberin

Velocardiofacial Syndrome DGS2 10p14-p13 Autosomal Dominant

VCF 22q11 Microdeletion

Williams Syndrome WBSCR 7q11 Autosomal Dominant

Microdeletion

Wolf-Hirschhorn Syndrome WHCR 4p16 Chromosome Deletion

von Hippel-Lindau Syndrome VHL 3p26-p25 von Hippel-Lindau Disease 

Tumor Suppressor Autosomal Dominant

Source: GeneTests. www.genetests.org. January 2000.
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