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Age at stroke

Temporal trends in stroke incidence in a large, biracial population

ABSTRACT

Objectives: We describe temporal trends in stroke incidence stratified by age from our population-
based stroke epidemiology study. We hypothesized that stroke incidence in younger adults (age
20-54) increased over time, most notably between 1999 and 2005.

Methods: The Greater Cincinnati/Northern Kentucky region includes an estimated population of
1.3 million. Strokes were ascertained in the population between July 1, 1993, and June 30, 1994,
and in calendar years 1999 and 2005. Age-, race-, and gender-specific incidence rates with 95%
confidence intervals were calculated assuming a Poisson distribution. We tested for differences in
age trends over time using a mixed-model approach, with appropriate link functions.

Results: The mean age at stroke significantly decreased from 71.2 years in 1993/1994 to 69.2
years in 2005 (p < 0.0001). The proportion of all strokes under age 55 increased from 12.9% in
1993/1994 to 18.6% in 2005. Regression modeling showed a significant change over time
(o = 0.002), characterized as a shift to younger strokes in 2005 compared with earlier study
periods. Stroke incidence rates in those 20-54 years of age were significantly increased in both
black and white patients in 2005 compared to earlier periods.

Conclusions: We found trends toward increasing stroke incidence at younger ages. This is of great
public health significance because strokes in younger patients carry the potential for greater
lifetime burden of disability and because some potential contributors identified for this trend are
modifiable. Neurology® 2012;79:1781-1787

GLOSSARY

CHD = coronary heart disease; GCNKSS = Greater Cincinnati/Northern Kentucky Stroke Study; ICD = International Classi-
fication of Diseases; ICH = intracerebral hemorrhage; NHANES = National Health and Nutrition Examination Survey;
SAH = subarachnoid hemorrhage.

The Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS) is a retrospective,
population-based epidemiology study designed to study trends in stroke incidence and mortal-
ity, with an emphasis on racial disparities.”~* As in other studies,>® we have observed a decrease
in overall stroke incidence in white patients over time, although a similar trend was not ob-
served for African Americans.*

Several factors led us to examine stroke incidence trends in younger age groups. We previ-
ously reported on diabetes-specific risk for stroke incidence, noting that diabetes is a very
powerful risk factor for stroke in those under age 55.” Given our diabetes stroke incidence
results, and given the increasing prevalence of diabetes and obesity among younger people,®-'°
more strokes might be expected at younger ages. Furthermore, we made the clinical observation
in the early 2000s that a higher proportion of younger stroke patients were being admitted to
our main teaching hospital. We thus hypothesized that we would see more strokes in the young
over time, specifically hypothesizing that there would be more young strokes in the 2005 study
period as compared with earlier study periods with a trend toward younger stroke age over
time.
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METHODS We ascertained stroke events that occurred in the
population during 3 year-long study periods: between July 1,
1993, and June 30, 1994, and in calendar years 1999 and 2005.
Details of our case ascertainment and how methods have been
held constant among the 3 periods have been previously pub-
lished.* The GCNK region includes 2 Ohio counties and 3 con-
tiguous Northern Kentucky counties that border the Ohio River
with 19 hospitals active in 1993/1994, 18 in 1999, and 17 in
2005. Only residents of the 5 study counties are considered for
case ascertainment. This study was approved by the Institutional
Review Board at all participating hospitals for each study period.

Study nurses screened the medical records of all inpatients
and emergency department visits with primary or secondary
stroke-related ICD-9 discharge diagnoses (430—436) from all
acute care hospitals in the study region. Additional strokes were
ascertained by reviewing 1) cases for which stroke was listed as
the primary or secondary cause of death by 1 of the 5 county
coroners’ offices; 2) all stroke-related visits to local public health
clinics and hospital-based outpatient clinics; and 3) records of
potential stroke cases in a random sample of primary care physi-
cians’ offices and nursing homes in the GCNK region. Details of
the exact number of sites by study period may be found in table
e-1 on the Neurology® Web site at www.neurology.org. Sam-
pling was necessary given the large number of physician offices
and nursing homes in the region. Sites were selected randomly,
for each study period, by the study statistician from a list gener-
ated from a combination of the local yellow pages and the Amer-
ican Medical Association listing of physicians. All events were
cross-checked within and between sources to prevent double
counting.

To qualify as an incident case, a patient must have met the
clinical criteria for one of the stroke categories adapted from the
Classification for Cerebrovascular Diseases III'! and used in our
previous work!™*: cerebral ischemia, intracerebral hemorrhage
(ICH), subarachnoid hemorrhage (SAH), or stroke of uncertain
cause. Imaging results were not considered in this clinical defini-
tion except for the presence of hemorrhage on CT or MRI for
hemorrhagic events. Only first-ever events were included for this
analysis. TIA, defined as symptoms lasting <24 hours regardless
of imaging results, were not included. The onset of stroke symp-
toms must have occurred within the study time periods; dis-
charge lists were screened for 60 days beyond the end of each
study period to capture patients with a stroke in the period but
not discharged until later.

Study nurses abstracted information on all potential cases
regarding stroke symptoms, physical examination findings, past
medical/surgical history (including stroke risk factors), prestroke
medication use, social history/habits, prehospital evaluation, vi-
tal signs and emergency room evaluation, neurologic evaluation,
diagnostic test results (testing, EKG/cardiac testing, and all neu-
roimaging), treatments, outcome, type of insurance, and current
address. Classification of race/ethnicity was as self-reported in
the medical administrative record; ethnicity was not uniformly
collected. The study population of the GCNK region consists of
<3% Hispanic and other minorities; all self-identified black or
white subjects were included in our analysis. Height and weight
information was not collected in 1993/1994, only partially col-
lected in 1999, and collected throughout all of 2005.

Study physicians reviewed every abstract to verify whether a
stroke or TIA had occurred, then assigned stroke category and
mechanism to each event based on all available information us-
ing definitions described previously.

Descriptive statistics included means or medians, as appro-

priate. In testing for trends over time, we tested for significant
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changes between periods as well as for overall time trend, with
the null hypothesis of no change. We used a mixed-model ap-
proach for both categorical and continuous variables to account
for the weighting and sampling scheme. We adjusted for multi-
ple comparisons using the Bonferroni correction.

The numerator for incidence rate calculation was the num-
ber of first-ever strokes confirmed by physician review, ascer-
tained through inpatient records or emergency departments,
plus the number of first-ever strokes ascertained through public
health clinics, hospital-based outpatient clinics and family prac-
tice centers, and coroners’ offices, plus a weighted estimate of the
number of strokes ascertained only in the physician’s office or
nursing home. As an example, events ascertained in physicians’
offices and nursing homes for 2005 events were multiplied ap-
proximately 16- and 5-fold, respectively, to account for the sam-
pling methodology. Events were considered to be noncases if
medical records could not be located to confirm the event.

The denominator for the incidence rate calculation was ob-
tained from the US Census Bureau Web site (www.census.gov).
These estimates are based on extrapolation or interpolation of
county population between enumerated census years, account-
ing for births, deaths, and migration. These denominators were
not adjusted to exclude those with prior stroke, as we do not
have accurate prevalence estimates in our population for each
study year, only from the telephone surveys (see next paragraph).
The at-risk population included 218,906 black patients and
1,100,950 white patients for 2005.

The 95% confidence intervals for the incidence rates were
calculated assuming a Poisson distribution. Age-, race-, and
gender-specific rates were also determined. All adjusted rates
were standardized to the 2000 US population. Rates were calcu-
lated for adults only (age =20).

To examine changes in risk factor prevalence, we utilized
data from 3 random-digit dialing telephone surveys performed
in our study region during 1995,"> 2000, and 2005, as well as
risk factor prevalence data from the National Health and Nutri-
tion Examination Surveys (NHANES).">"7 Survey methods have
been previously described and our full population survey results

have been reported.'*'4

RESULTS The raw number of first-ever strokes as-
certained among residents =20 years of age was
1,942 in 1993/1994, 2,034 in 1999, and 1,916 in
2005. The numbers of strokes ascertained only via
hospital admission were 1,907, 1,995 and 1,883, re-
spectively. The demographics of these defined stroke
populations were similar as seen in table 1, although
the 2005 first-ever stroke population had a signifi-
cantly higher proportion of black patients
(p = 0.02) and was younger than both the 1993/
1994 and 1999 populations (p < 0.0001). Signifi-
cant increases were seen in the proportion of strokes
among those 20—44 and those 20-54 (see table 1),
with proportions increasing from 4.1% to 6.4% and
from 12.9% to 18.6%, respectively, between 1993/
1994 and 2005.

Table 2 shows age- and race-specific incidence
trends. In both black and white patients, there were
trends toward stroke incidence rates increasing in the

younger ages and decreasing among the oldest sub-
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[ Table 1 Demographics for first-ever strokes age =20 years? ]
1993/1994 1999 2005 p Value |

No. 1,942 2,034 1,916
Sex (female) 1,107 (56.3) 1,173(58.2) 1,055(55.2) 0.21
Race (black) 354 (17.3) 354 (15.4) 399(19.0) 0.02
Average age at stroke, y (SEM) 71.2+0.19 721 +1.40 69.2 = 0.51 <0.0001
20-44 years old at time of stroke 88(4.1) 111 (4.6) 140 (6.4) 0.0002
20-54 years old at time of stroke 227 (12.9) 303(13.3) 393(18.6) 0.002

2 Data expressed as n (weighted %) or weighted mean + weighted standard error.

jects. Statistically significant increases in the rates of
first-ever stroke were seen for white patients aged
20-44, and for both black and white patients when
combining our 2 lowest age groups (for those 2054
years old). Statistically significant decreases were seen
only for white patients aged 75— 84 and =85. Similar
directional trends were seen in black patients but the
smaller number of events limits power.

Increases were seen primarily in ischemic stroke.
Among our first-ever strokes we found that there is a
trend toward a higher proportion of ischemic stroke
and lower hemorrhagic stroke in ages 20—44, especially
in 2005 compared to earlier periods (table 3). Among
those 45-54 years old, the proportion of hemorrhagic
stroke increased slightly from 1993/1994 to later peri-
ods. The only statistically significant change was a de-
crease in ischemic stroke for the 45- to 54-year-olds.
Incidence rates for ICH and SAH did not change sig-
nificantly over time (data not shown).

National data show that stroke risk factors (espe-
cially diabetes and obesity) are increasing at younger ag-
es,'*2° and thus likely increasing stroke risk in the
young. Table 4 shows risk factor prevalence results of a
telephone-based random-digit dialing survey in our re-
gion for subjects 20—54 years old (middle panel) in
comparison to risk factor prevalence from stroke sub-

jects in these same periods (left panel). These data show
that among the survey respondents in our population,
there was a significant increase over time in the preva-
lence of high cholesterol (p = 0.04 for trend). Surpris-
ingly, the prevalence of diabetes was statistically
unchanged over time among survey participants, al-
though the number surveyed in the younger age group
is small. Among our stroke patients (left panel) the only
significant trend was more coronary heart disease
(CHD) reported in 1999 and 2005 as compared to
1993/1994; this is in contrast to our population survey
results (middle panel) where the prevalence of CHD
did not change over time. As would be expected, the
prevalence of stroke risk factors including hypertension,
diabetes, CHD, and current smoking are all elevated in
the younger stroke population compared to the popula-
tion survey, whereas the prevalence of high cholesterol
surprisingly is lower. Table 4 shows NHANES national
prevalence data in the right-hand panel for comparison.

Table 5 shows imaging rates across the 3 study
periods, and demonstrates a significantly higher rate
of MRI obtained over time. Only 18% of all first-
ever stroke patients received an MRI in 1993/1994
compared to 27% in 1999 and 58% in 2005. Impor-
tantly, the proportion receiving MRI varied signifi-
cantly by age, with younger patients more likely to

Table 2 Age-specific incidence rates for first-ever stroke, excluding TIAs, per 100,000 (for 1993/1994, 1999, 2005; sex-adjusted to
2000 US population)

‘ Black (95% Cl) White (95% Cl)
Age category, y 1993/1994 1999 2005 1993/1994 1999 2005
20-44 46 (31-62) 48(33-64) 58(40-75) 12(9-15) 18(14-22) 262 (20-31)
45-54 236 (165-308) 293(223-362) 305 (242-369) 76 (61-91) 82(68-97) 96 (81-111)
20-54 (combined) 83(64-101) 105 (85-125) 128 (106-149) 26 (22-31) 35 (30-40) 48 (42-53)
55-64 414 (307-521) 483 (369-598) 524 (414-635) 237 (206-269) 217(188-247) 209 (183-235)
65-74 961 (778-1,145) 777 (609-945) 837(660-1,014) 536 (485-587) 541 (489-594) 463 (412-513)
75-84 1,344 (1,042-1,645) 920(678-1,162) 959(725-1,193) 1,063(971-1,156) 1,071(981-1,161) 7802 (706-855)

85+ 1,910(1,276-2,543) 1,831 (1,262-2,400)

Abbreviation: Cl = confidence interval.

1,029¢(641-1,417)

2 Significant at p < 0.02 (correcting within each age stratum for multiple testing).
b Significant at p < 0.05 for 2005 vs 1993/1994 (correcting within each age stratum for multiple testing).
¢ For black age 85+, uncorrected p = 0.02, so trending towards significance.

1,685(1,485-1,885) 1,763(1,569-1,957) 1,297%(1,142-1,452)
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[ Table 3 Stroke etiology?® ]
‘ Age 20-44y Age 45-54y Age 20-54y |
1993/1994 1999 2005 1993/1994 1999 2005 1993/1994 1999 2005
(n=88) (h=111) (n=140) (h=139) (h=192) (n=253) (nh=227) (n=303) (n=393)
Infarct 50(56.8) 61 (55.0) 92(65.7) 110 (84.6) 136(73.8) 188(70.1)> 160(75.8) 197(67.4) 280(68.6)
Intracerebral hemorrhage 20(22.7) 17 (15.3) 24(17.1) 18(9.5) 36(16.8) 45(16.8) 38(13.7) 53(16.3) 69 (16.9)
Subarachnoid hemorrhage  18(20.4) 32(28.8) 23(16.4) 11 (5.8) 20(9.4) 17 (6.3) 29(10.5) 52(16.0) 40(9.8)
All hemorrhagic 38(43.1) 49(44.1) 47(335) 29 (15.3) 56 (26.2) 62 (23.1) 67 (24.2) 105(32.3) 109(26.7)
Unknown etiology 0(0.0) 1(0.9) 1(0.7) 0(0.0) 0(0.0) 3(6.8) 0(0.0) 1(0.3) 4(4.7)

2 No. (weighted %, taking sampling methodology into account for out-of-hospital ascertainment).

bp = 0.04.
receive MRI in 2005 vs prior periods. There were among stroke patients in the youngest ages. In 2005,
significant differences in obtaining MRI by age (p <  23% of first-ever stroke patients age 20—44 used street
0.0001) and study period (p < 0.0001), but the drugs, compared to 21% of the 45- to 54-year-olds and
age X period interaction was not statistically signifi-  2.2% for those 55 and older. Street drug abuse was re-
cant. Thus while younger patients had higher rates of  ported in 11% of ICH and 15% of SAH, but only 4%
receiving MRI, the relative increase in imaging over  of ischemic stroke. Given the lesser frequency of hemor-
time was similar across all ages. It is important to  rhagic stroke, substance abuse contributes to the total
note that the clinical stroke definition used for calcu-  burden of young stroke in only a minor way. However,
lating incidence rates did not include imaging find-  the relatively high proportion of street drug use by hem-
ings except for assessing hemorrhage. orrhage patients might explain the increase in ICH seen
Documentation of street drug abuse in the medical  in later periods (table 3).
record of stroke patients increased from 0.6% to 1.9%
to 5.9% in 1993/1994, 1999, and 2005, respectively. DISCUSSION In our population-based study, we
Street drug abuse documentation was more prevalent  found increased incidence of ischemic stroke in the
Table 4 Risk factor prevalence in Cincinnati population-based surveys, comparable Cincinnati stroke populations, and NHANES for age 20
to54y
‘ GCNKSS stroke GCNKSS survey |
population, n (%) population, n (%) NHANES, n (%)
1993/1994 1999 2005 1995 2000 2005 | 1999/2000 2005/2006
No. 227 303 393 454 638 616 11,222 2,804 3,140
Hypertension 107 (50.6) 166 (57.8) 213(52.2) 99(21.8) 132(20.7) 147(23.9) 1955 (16.1) 458 (15.4) 562 (19.0)
Diabetes 42(15.2) 66 (20.3) 80(19.6) 26(5.7) 44(6.9) 37(6.0) 349(2.3) 109 (2.9) 146 (4.3
High 22(13.9) 54 (16.6) 75(18.4) 86(18.9) 132(20.7) 151 (24.5)° 1,008(11.1) 421 (16.8) 551 (21.0)°
cholesterol
Coronary 7(2.5) 41 (12.6) 49(12.0P 8(1.8) 20(3.1) 10(1.6) 115(0.9) 25(1.0) 29(1.2)
disease
Current 96 (40.7) 152(46.8) 187(45.8) 152(33.5) 192(30.1) 184(29.9) 3,514(32.8) 725(29.1) 798 (27.4)¢
smoking
Stroke 6(1.3) 15(2.4) 17 (2.8)° 67(0.6) 23(0.8) 32(1.0)
Obese (body NA 25/52(48.1) 132/301(43.8) NA NA NA 1,335(19.4) 834 (28.8) 1,042 (33.6)¢
mass index
=30), n/N
Body mass NA 30.4 +0.88,52 30.1 +0.47,301 NA NA NA 26.0 £ 0.13,5671 27.8 +0.26,2584 28.5 = 0.29,°2994
index (kg/m?),
mean = SE,N

Abbreviations: GCNKSS = Greater Cincinnati/Northern Kentucky Stroke Study; NA = not applicable; NHANES = National Health and Nutrition Examina-

tion Survey.

2p < 0.01 change over time.
®p < 0.05 change over time.
°p = 0.12(2-sided),p = 0.06
9p < 0.0001.

(if 1-sided for trend).

¢p < 0.0001 for NHANES Ill vs 2005/2006.
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Table 5 Rates of CT and MRI obtained in first-
ever stroke patients?®

Overall 1993/1994 1999 2005 |

No. 1,907 1,995 1,883

CT done 1,775(88.4) 1,932(89.3) 1,797(86.9)

MRI done 351(18.7) 563(27.6) 1,115(56.7)

MRI by age, y
20-44 33(37.5) 45 (40.5) 98(70.0)
45-54 42(31.0) 78 (46.7) 170 (63.4)
55-64 77 (27.8) 101 (38.7) 220 (69.4)
65-74 103 (18.0) 159(27.3) 265 (63.0)
75-84 84 (16.8) 140 (24.3) 255(51.7)
85+ 12(3.8) 40(13.5) 107 (33.2)

2 p Value for trends all <0.0001 except for CT where p for
trend = 0.71. Using logistic change over time by age inter-
action 0.13. Difference overall between ages, p < 0.0001,
and change over time, p < 0.0001.

young (age 20-54) for both black and white patients
over time, especially in 2005 compared to earlier
study periods. We also saw declining stroke inci-
dence rates in the oldest age groups for black and
white patients. Our incidence rate changes are sup-
ported by a trend toward higher rates of prevalent
stroke among 20- to 54-year-olds in our population
survey.

Our results must be taken within the context of
changing trends in stroke incidence. Stroke inci-
dence rates are declining over time in white patients
within our population and others,*~¢ although a sim-
ilar trend was not seen in black patients within the
Greater Cincinnati region.* Any decline in stroke in-
cidence is positive from a public health prospective,
but reduced incidence in older ages is counterbal-
anced by the worrisome trend of younger strokes
with substantial productive life years lost and im-
mense health care expenses over time.

Other studies regarding stroke in younger age
groups have reported incidence rates ranging from
3-23 per 100,000 over the last 3 decades.?'~** None
of these studies presented incidence trends over time.

George et al.?® reported trends in younger stroke.
They utilized the Nationwide Inpatient Sample of
the Healthcare Cost and Utilization Project and
identified hospitalized strokes between 1995 and
2008 using ICD-9 codes. They reported an increased
prevalence of hospitalizations for ischemic stroke in
all age groups <45 years over this time period except
for females age 5-14. Prevalence of stroke risk factors
including hypertension, diabetes, obesity, hyperlip-
idemia, and smoking increased during their study pe-
riod among hospitalized patients aged 15—44.

The reasons for our incidence trends are not clear.
SAH is more common in young adults, and hemor-

rhages account for a higher proportion of childhood

2629 but the younger age of

and young adult strokes,
strokes in our population is not attributable to an in-
crease in hemorrhagic stroke. Young persons with
stroke have significantly different etiologic subtype pat-
terns as compared to older patients.?'?*24 There was a
notable increase in CHD prevalence in our young
stroke subjects. A detailed analysis of ischemic stroke
etiologic subtype will be forthcoming; whether more
cardioembolic strokes can explain some of the incidence
trends is beyond the scope of this article. Increasing
rates of drug abuse were seen in our young stroke pa-
tients over time. In another study, recent illicit drug use
occurred in 12.1% of young stroke patients®® whereas an-
other report documented cocaine use in 27%-38% of
young stroke patients.”” Reported rates of illicit drug use in
our work, and others, must be viewed with caution as doc-
umentation is not uniform in the medical record.

It is possible that the trend toward younger stroke
is related to changing risk factor prevalence. We
compared our local prevalence data to the national
NHANES survey periods in 1988-1994, 1999-
2000, and 2005-2006.">"7 These NHANES peri-
ods, comparable to our study periods, show a
significant trend toward more diabetes, high choles-
terol, and obesity over time among survey respon-
dents age 20-54 (table 4, right panel), consistent
with known national trends from other studies.?*3132
The prevalence changes seen in our population did
not exactly match those in the nationally representa-
tive NHANES study; this may be due to differences
in our community or by chance given the small num-
bers of young subjects sampled in our survey. Many
young adults do not see a doctor regularly and preva-
lence estimates may thus be underestimates. Among
our stroke subjects, we saw small increases in stroke
risk factors and a significant increase in CHD in the
last 2 study periods, consistent with George et al.?

Increasing stroke risk factors in the young should
lead to carlier strokes, assuming that stroke is often the
end result of sustained risk factors. Stroke prevention
treatments may have been applied preferentially to the
elderly where physicians expect stroke to occur, and less
so in young adults where stroke is considered unlikely.
This may partially explain trends in incidence seen over
time, but it is not possible to make causal inferences
from our population-level data. Given the increase in
stroke among those <55 years old, an important public
health message is that younger adults should see a phy-
sician regularly to monitor their health and risk for
stroke and heart disease. Furthermore, physicians secing
young adults must identify and treat risk factors for ma-
crovascular events such as stroke.

A final possibility is that more strokes in the
young are being detected due to greater use of MRI.
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Our data show substantially increased MRI use over
time, and younger patients were more likely to re-
ceive MRI than older patients. We did not use imag-
ing results in physician adjudications for this
incidence analysis, although imaging results could
have biased ascertainment via changes in ICD-9 dis-
charge coding, which we used to identify potential
cases.

Limitations include the possibility of methodo-
logic drift, especially related to ascertainment (as
above) or case determination. Our methodology cap-
tures the effect of imaging on incidence, maintaining
our case definition while creating a second variable to
capture imaging-proven cases that do not meet the
clinical case definition. While we remained steadfast
in our clinical case definition, adjudicators were not
blinded to imaging results and we cannot completely
exclude drift in physician adjudication. Further po-
tential limitations include incomplete case ascertain-
ment or differential bias in ascertainment by age
independent of imaging. Due to the large size of our
metropolitan population, we only study incidence
once every 5 years, and cannot look at continuous
trends. We cannot therefore rule out that our 2005
incidence rates are aberrant, although our findings
match the population survey trend regarding preva-
lent stroke and the work of George et al.”> Both our
risk factor prevalence data and those of NHANES
are limited to self-report, and are subject to limita-
tions of telephone surveys and healthy participant
bias. We did not capture body mass index in our
population survey, and cannot comment on the ef-
fect of obesity in our population over time. Each sur-
vey period included approximately 600 respondents
under age 55, and our ability to measure changes in
risk factor prevalence in these age groups is limited.

The strengths of our article include a population-
based epidemiologic study that has been carried out
periodically over 15 years. Our study includes physi-
cian confirmation of suspected cases and we have
made a conscientious effort to prevent methodology
changes over time. The core group of nurse abstrac-
tors and physician adjudicators has remained rela-
tively constant.
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Absence of early epileptiform abnormalities predicts lack of
seizures on continuous EEG (See p. 1796)

This podcast begins and closes with Dr. Robert Gross, Editor-in-
Chief, briefly discussing highlighted articles from the October
23, 2012, issue of Neurology. In the second segment, Dr. Mark
Quigg talks with Drs. Moushin Shafi and Brandon Westover
about their paper on absence of early epileptiform abnormalities
predicting lack of seizures on continuous EEG. Dr. Jennifer
reads our e-Pearl of the week about Dorsal midbrain syndrome.
In the next part of the podcast, Dr. Ted Burns interviews Drs.
Michelle L. Mauermann and P. James Dyck about evaluation of
chronic axonal polyneuropathy. Disclosures can be found at
www.neurology.org.
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