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Article abstract41 cohort of 666 children who had convulsions with fever were followed to determine the risks of 
subsequent epilepsy High risks were found in children with preexisting cerebral palsy or mental retardation. Other 
major risk factors were atypical features of the febrile convulsions (such as focal seizures) and duration of febrile 
seizures for 10 minutes or more. The risk of developing epilepsy by age 20 was about 6 percent for all children who had 
experienced febrile convulsions. However, this risk figure consisted of a combination of 2.5 percent of children 
without prior neurologic disorder or atypical or prolonged seizures, and 17 percent of those with such complications. 
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The risk that epilepsy will develop in children who 
experience seizures with fever has been a contro- 
versial subject for ;some years. Studies have 
employed three designs: (1) comparison of the fre- 
quency of a history of febrile convulsions in pa- 
tients with epilepsy with the frequency in controls; 
(2) comparison of the characteristics of febrile con- 
vulsions in patients who did and did not develop 
epilepsy; and (3) follow-up of children after febrile 
convulsions. 

Most studies of the first type were done some 
time ago, and it appears that they included not 
only febrile convulsions but other symptomatic 
and idiopathic convulsions in young children. The 
results varied: Walton and Carter' found no 
greater frequency of prior childhood seizures 
among people with epilepsy, but Patrick and Levy2 
reported a fivefold increase in childhood convul- 
sions among people with epilepsy. 

Some investigators compared children who had 
febrile convulsions and subsequent epilepsy with 
those who had febrile convulsions without 
e p i l e p ~ y . ~ . ~  This type of study allows analysis of 
particular characteristics of the febrile convul- 
sions. However, when the subjects include only 
patients admitted to specialty clinics, as in the 
study of Tsuboi and I h d ~ , ~  the results may not be 
applicable to  febrile convulsions as they occur in 
the population at  large. 

A common method of studying the risk of 
epilepsy after febrile convulsions is to  identify a 
cohort of individuals who have experienced febrile 
convulsions and follow them to  determine the 
rates of subsequent epilepsy. Such studies have 
provided varied results: The reported frequencies 

of epilepsy were 2 to 57 p e r ~ e n t . ~ . ~  This great vari- 
ation appears to result from the methods of select- 
ing the subjects with febrile convulsions, defini- 
tions of febrile convulsion and epilepsy, and the 
duration of follow-up of the cohort. 

We utilized the resources of the Rochester, Min- 
nesota, Epidemiologic Program Project, and the 
Comprehensive Epilepsy Program at the Mayo 
Clinic and the University of Minnesota to evaluate 
the risk of subsequent recurrent afebrile seizures 
in patients who have experienced febrile convul- 
sions. 

Methods. We reviewed the medical histories of 
residents of Rochester, Minnesota, who had a 
diagnosis of febrile convulsions, between 1935 and 
1974. For those who were seen at the time of a 
febrile convulsion, follow-up information was ob- 
tained through the medical records, letters, and 
interviews with parents. Data were collected re- 
garding the number of febrile convulsions, their 
unusual features, family history of convulsions of 
any type, presence or absence of other neurologic 
abnormalities, and anticonvulsant treatment. The 
occurrence of subsequent afebrile seizures in this 
cohort was compared to  an expected rate based on 
the known average annual age-specific incidence 
rates for epilepsy in the Rochester population from 
1935 to 1974. 

The criterion for acceptance of a case was a rec- 
ord of a convulsive episode with a febrile illness in 
childhood. Patients who had had an afebrile sei- 
zure earlier than the febrile convulsion and those 
whose seizures occurred with cerebral infections 
were excluded. However, patients with postvacci- 
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Table 1. Incidence of epilepsy subsequent to febrile convulsions in 666 residents of Rochester, Minnesota, 
1935-1974 

Age 
(years) 

0-4 

5-9 

10+ 

Follow-up: Epilepsy, cases RR 95% confidence 

after febrile 
convulsion 

Person-years Expected Observed interval 

1900 1.30 15 11.5 6.4-19.0 

2295 1.21 8 6.6 2.8-13.00 

4096 1.54 6 3.9 1.4-10.4 

8291 4.05 29 7.2 4.8-10.4 

Table 2. Influence of age at first febrile convulsion on risk of subsequent epilepsy 

Age 
(years) 

<1 

1-2 

2-4 

4+ 

<1 

1-2 

2-4 

4+ 

Patients* 

140 

323 

161 

41 

112 

280 

132 

37 

*Age of one patient was unknown. 

Expected Observed 

Entire series 

0.92 9 

1.96 16 

0.93 

0.24 

1 

3 

Cases without neurologic deficit 
or exceptional features of convulsion 

0.77 3 

1.73 9 

0.78 

0.22 

nation febrile convulsions were included. The 
criterion for a subsequent diagnosis of epilepsy 
was the occurrence of two or more seizures that 
were not associated with an obvious acute insult to  
the brain. 

Findings. Incidence. Febrile convulsions. We 
identified 678 residents of Rochester who experi- 
enced febrile convulsions between 1935 and 1974. 
These cases were used in the computation of inci- 
dence rates of febrile convulsions. Over the 40- 
year period, the cumulative incidence rate of fe- 
brile seizures through age 5 was 2.3 percent. The 
frequency was slightly greater in males than in 
females, and the rates were consistent through the 
40-year period. 

Since 12 of the 678 cases were identified 

0 

2 

RR 

9.6 

8.0 

1.1 

12.5 

3.9 

5.1 

- 

9.1 

9S% confidence 
interval 

4.3-18.2 

4.6-13.0 

0.0-6.1 

2.6-36.5 

0.8-6.6 

2.3-9.7 

- 

1.1-33.9 

retrospectively-as a result of diagnosis of 
epilepsy, or head trauma, or because a sibling had 
a febrile convulsion-nly 666 were included in 
the follow-up study. 

Epilepsy during follow-up. The 666 patients 
were followed for a total of 8291 person-years after 
the initial febrile convulsion. During this follow- 
up, 29 cases of epilepsy (two or more afebrile sei- 
zures) were observed. 

In addition to the 29 patients who developed 
epilepsy, 5 others had seizures that did not meet 
the criteria for epilepsy (single idiopathic seizures 
in 4 and seizures associated with encephalitis in 1). 
The epileptic seizures were of various clinical 
types, in a distribution similar to that found in an 
extensive review of epilepsy in Rochester.7 The 
seizures were focal at onset in 16 cases, and of 
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Table 3. Influence of neurologic deficit and atypical character of febrile convulsions on risk of 
subsequent epilepsy 

Subjects Patients Epilepsy, cases RR 95% confidence 
Observed Expected interval 

Without neurologic deficit 

Atypical character of convulsion No 569 14 3.50 3.9 2.1-6.4 
Yes 72 5 0.38 13.2 4.3-30.6 

With neurologic deficit 

Atypical character of convulgion No 15 6 0.10 60.0 22.0-130.8 
Yes 10 4 0.07 57.1 15.5-146.2 

Table 4. Influence of <duration of febrile convulsions on risk of subsequent epilepsy 

Duration Patients Epilepsy, cases RR 95% confidence 
(minutes) Expected Observed interval 

Entire series 

Unknown 

<5 

5-9 

261 1.59 

211 1.28 

79 0.44 

5.7 2.6-10.8 

4.7 1.7-10.2 

6.8 1.4-19.9 

10 + 115 0.76 11 14.5 7.2-26.0 

Cases without neurologic deficit 
or atypical features of convulsion 

Unknown 

<5 

5-9 

10 + 

222 

188 

66 

84 

1.44 3 

1.17 

0.37 

5 

1 

0.58 5 

temporal origin in 10 of these. Generalized-onset 
tonic-clonic seizures occurred in 12 other patients, 
and 3 of these also had absence attacks. One case 
could not be classified. 

Relative risk. The expected number of cases of 
epilepsy, derived by applying the Rochester age- 
and sex-specific incidence rates to the person- 
years of follow-up, was 4.05. The standardized 
morbidity ratio or relative risk (RR) is the ob- 
served number of cases divided by the number 
expected, or  7.2. Thus, during this follow-up 
period, the incidence of epilepsy was seven times 
greater in the febrile-convulsion cohort than in the 
Rochester population. 

Age at onset of epilepsy. The RR of epilepsy 
subsequent to febrile convulsions declined with 
increasing age. I t  w,as 11.5 for ages of 4 years or 
less, 6.6 for ages 5 tlhrough 9 years, and 3.9 after 
age 9 years (table 1). The risk remained signifi- 
cantly increased during each age interval 
throughout the follow-up period. 

Possible risk factors. Age at first febrile convul- 

2.1 

4.3 

2.7 

8.6 

0.4-6.1 

1.4-10.0 

0.1-15.0 

2.8-20.0 

& Subjects less than 2 years old and those be- 
yond 4 had high risks of subsequent epilepsy, 
whereas those aged 2 to  4 years had a lower risk 
(table 2). 

Neurologic disorders. Neurologic abnormality 
was known or presumed to have existed in 25 of the 
666 patients prior to the first febrile convulsion. 
Fourteen of these 25 had mental retardation (IQ 
less than 70),7 had cerebral palsy, and 4 had both. 
These children had an especially high incidence of 
subsequent epilepsy, which developed in 10 (40 
percent) of the 25 (table 3). The children with 
neurologic deficits tended to have their first febrile 
convulsion at earlier ages, and all who developed 
subsequent epilepsy had the first afebrile seizure 
prior to age 10 years. 

Atypical character of febrile convulsions. An- 
other risk factor for subsequent epilepsy was an 
atypical character of the febrile convulsions (table 
3). In our study, this included unilateral or focal 
origin, repeated episodes the same day, and docu- 
mented Todd (postictal) paralysis. Among patients 
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Table 5. Influence of low-risk and high-risk status* on risk of subsequent epilepsy 

Patient group Patients Epilepsy, cases RR 95% confidence 
Observed Expected interval 

Low-risk 485 9 3.10 2.9 1.3-5.5 

High-risk 181 20 0.95 21.1 12.9-32.5 

*Low-risk Without prior neurologic deficit or long duration (310 minutes) or other atypical features of febrile convulsion. 
High-risk With any of above. 

Table 6. Influence of number of febrile convulsions on risk of subsequent epilepsy in high-risk and 
low-risk groups 

No. febrile Patients. Epilepsy, cases RR 95% confidence 
convulsions Expected Observed interval 

Low-risk cases 

1 348 2.2 6 0.6-3.7 

2 76 0.5 0 

3 27 0.2 2 1.2-36.1 

4 31 0.2 1 0.03-5.57 

- 

High-risk cases 

1.7 

- 

10.0 

5.0 

1 86 0.5 

2 46 0.2 

3 26 0.2 

4 23 0.2 

*In 3, number was unknown. 

who did not have neurologic deficit, the RR was 
13.2 in cases with exceptional features and 3.9 in 
those without. 

,Duration of febrile convulsion. Children whose 
febrile convulsions lasted less than about 10 min- 
utes had a lower risk of subsequent epilepsy than 
those with one or more convulsions lasting longer 
(table 4). This was also true after exclusion of pa- 
tients with prior neurologic deficits or seizures of 
atypical character. 

If all patients with prior neurologic deficits or 
prolonged or otherwise exceptional febrile seizures 
were considered together as a high-risk group of 
181 members, the RR was 21.1nontrasted with 
2.9 in the low-risk group of 485 members without 
deficits or exceptional seizures (table 5). 

Number of febrile convulsions. Overall, the in- 
cidence of subsequent epilepsy increased with the 
number of febrile seizures, but this association was 
not demonstrable in either the high-risk or the 
low-risk groups separately (table 6). The number 

14.0 

30.0 

10.0 

25.0 

5.6-28.8 

11.0-65.4 

1.2-36.1 

8.1-58.2 

of subsequent afebrile seizures, however, was 
greater among the high-risk group. 

Familial involvement. Of the 666 subjects with 
febrile convulsions, 12 were known to have a par- 
ent or sibling with epilepsy; and 3 of these 12 later 
developed epilepsy. A family history of febrile con- 
vulsions was considerably more common, for 23 
percent of the probands were known to have a 
parent or sibling so affected. The RR of subsequent 
epilepsy was 11.6 among those known to have a 
parent or sibling with a history of febrile convul- 
sions and 6.2 among the rest. Among the patients 
with an affected parent or sibling, males were at 
slightly higher risk than females, but among those 
without an  affected relative, females were at 
higher risk than males. 

Discussion. Incidence. Febrile convulsions. The 
2.3 percent cumulative incidence of febrile sei- 
zures found in the Rochester population was simi- 
lar to rates reported for two cohorts followed from 
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Table 7. Risk of epilepsy after febrile convulsion: Summary of reports 

Report No. cases of With subsequent Mean follow-up 
febrile convulsion epilepsy period, years* 

No. 96 

Herlitz, 19411* 424 

Friderichsen and Melchior, 195413 282 

Frantzen and associates, 196814 200 

Van den Berg and 
Yerushalmy, 196g8 246 

Nelson and Ellenberg, 19765 1706 

Present report 666 

14 

8 

5 

8 

34 

29 

3.2 

2.8 

2.5 

3.2 

2.0 

4.4 

7.8 

6 

5 

3.2 

7 

15 

*The follow-up period at risk to subsequent epilepsy would be approximately 2 years (mean age at first febrile convulsion) less 
than mean age at last follow-up. 

birth.5j8 Although our survey was population- 
based, we consider this estimate minimal and sus- 
pect that some milder cases were not identified. To 
be identified in our study, the child had to be seen 
by a physician and the physician had to enter the 
diagnosis. We know that some febrile seizures did 
not come to the attention of physicians, and that in 
other cases, although the occurrence of the sei- 
zures was known to physicians, the diagnosis was 
not entered at the Matyo Clinic or other local medi- 
cal facility. As mentioned, 12 patients were 
excluded from follow-up because the history of fe- 
brile convulsion was obtained only in the course of 
later evaluation of some other problem. A special 
study in which inquiry was made of the parents of 
children born in Rochester in 1960 revealed a 3 
percent cumulative incidence of febrile convul- 
s i o n ~ . ~  

Subsequent epilep- There have been several 
studies in which children who experienced sei- 
zures with fever were followed to ascertain how 
many subsequently developed epilepsy. 

Studies of patients seen in specialty clinics or 
admitted to a hospital would include a greater 
proportion of individuals with complex or pro- 
longed febrile seizures, who are at high risk. 
Among 105 febrile-convulsion cases observed by 
Z e l l ~ e g e r , ~  15 patients developed epilepsy and 6 
were suspected of having epilepsy. Petermanlo re- 
ported that 30 of 100 patients with febrile convul- 
sions continued to have recurrent convulsions 
without fever. Of 4913 children with febrile convul- 
sions, Livingston6 stated that 282 (57 percent) de- 
veloped epilepsy. High rates of subsequent sei- 
zures (17 percent) hi3ve been noted in patients ad- 
mitted to a hospital or those attending a specialty 
~l inic .~, l l  

In  cohort s tudies  of unselected febrile- 
convulsion cases, 2 to  4 percent of the children 
developed epilepsy (table 7). There are several dif- 
ficulties in interpreting and comparing these 

studies. First, the follow-up period varied. Since 
seizures can begin at any time during life, the risk 
of epilepsy depends on the duration of follow-up. 
Second, the studies differed slightly in their defini- 
tions of febrile convulsions and of epilepsy. 
Friderichsen and Melchiorl3 considered certain 
febrile convulsions (i.e., those lasting more than 30 
minutes) as epilepsy, and therefore omitted them 
from the study. Some studies, such as that of van 
den Berg and Yerushalmy,8 included as febrile 
convulsions those that occurred during cerebral 
infections. There were also differences in the defi- 
nition of subsequent epilepsy. In the study of Nel- 
son and Ellenberg,5 two or more afebrile seizures 
were necessary to satisfy the criteria for the diag- 
nosis of epilepsy; but in other studies it appears 
that a single seizure was considered as epilepsy. 

Of our 666 febrile-convulsion patients, 2.2 per- 
cent developed epilepsy by age 5, 3.5 percent by 
age 10, and 4.4 percent through the total follow-up. 
Overall, the RR of developing epilepsy after a fe- 
brile convulsion was 7.2. Our findings through the 
first few years were similar to those of other cohort 
studies. Although the risk of subsequent epilepsy 
was highest in the first few years after the febrile 
seizure, there was a significant increase during 
ages 5 through 9 and also later. The higher 
cumulative occurrence of epilepsy in our series, 
compared to other cohort studies, appears to be due 
to the longer follow-up. 

The cumulative incidence rate of epilepsy by age 
20 years in the Rochester population was 1.06 per- 
cent, and the expected occurrence between the 
mean age at onset of febrile convulsions (2 years) 
and age 20 was 0.87 percent. Hence the probability 
of developing epilepsy from the time of the first 
febrile convulsion to age 20 can be estimated as 
0.87 times the RR. 

The risk of subsequent epilepsy varied in our 
febrile-convulsion series. Patients in the high-risk 
group (with prior neurologic disorder or febrile 
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seizures that were exceptional or prolonged) had a 
17 percent chance of developing epilepsy by age 20. 
The low-risk patients had only a 2.5 percent 
chance of developing epilepsy by age 20. 

It is not possible to  compare the risk of sub- 
sequent epilepsy in other reports, because the 
follow-up period varied. Most did not provide the 
incidence rate among the general population, so 
the relative risk is not known. Nelson and Ellen- 
berg5 compared the 7-year cumulative incidence 
rates of epilepsy in groups with and without febrile 
convulsions. Since the cumulative incidence of 
epilepsy in the febrile-convulsion group was 20 per 
1000, and that in the other group 5 per 1000, the 
RR should be 4. However, the febrile-convulsion 
group had lived the first 2 years of life (on the 
average) without epilepsy. Since these are high- 
incidence years for epilepsy, the cumulative inci- 
dence of afebrile seizures after febrile convulsion 
should be compared with the cumulative incidence 
from ages 2 through 7. This would be somewhat 
less than 5 per 1000, and therefore the relative risk 
of developing epilepsy after a febrile convulsion 
would be greater than 4. The data of van den Berg 
and Yerushalmys indicate that the relative risk 
during the limited follow-up period was probably 
very high, because the mean duration of follow-up 
after initial febrile convulsion would have been 
only 1 to 2 years, despite the fact that 3.2 percent of 
the subjects had already had at least one seizure. 

Risk factors. &In several studies, patients at 
the extremes of age at their first febrile convulsion 
were at greater risk of subsequent epilepsy than 
others. Lennox3 and Tsuboi and Endo* found that 
patients who had febrile convulsion and epilepsy 
were more likely to have had the initial febrile 
convulsion before age 1 year than those who had 
febrile convulsion only. In our series there was no 
definite relationship between the age at first fe- 
brile convulsion and the risk of subsequent 
epilepsy. Although the differences were not signif- 
icant, the highest risks for subsequent epilepsy 
were found in those less than 2 years old or more 
than 4 at the first febrile convulsion. A very low 
risk of subsequent epilepsy was found in those 
aged 2 through 4 years at the first febrile convul- 
sion. 

Exceptional features of febrile convulsions. Like 
others who divided their febrile-convulsion series 
by special features (such as duration of seizure, 
focal features, or prior neurologic disorder), we 
found great differences in the risk of subsequent 
epilepsy. The differences in the reported risk of 
subsequent epilepsy (i.e., 2 to 57 percent) may be 
due, in large part, to the types of cases of febrile 
convulsions considered. In our study, as in that of 
Nelson and Ellenberg,5 patients whose febrile sei- 
zures had exceptional features were at high 
risk-although most will not develop epilepsy. Pa- 
tients without such features were at much lower 

risk, though still higher than the general popula- 
tion. 

Number of febrile convulsions. Comparing pa- 
tients with febrile convulsions who did and did not 
go on to have epilepsy, Patrick and Levy2 found 
that 23.5 percent of those with epilepsy had had 
only one febrile convulsion, whereas 65.6 percent 
of those without epilepsy had had only one. Len- 
n0x3 found a slightly higher risk of subsequent 
epilepsy in those who had experienced three or 
more febrile convulsions. Tsuboi and Endo4 re- 
ported that an association with the number of fe- 
brile convulsions was demonstrable but was not 
pronounced until the number of febrile seizures 
reached 10. Nelson and Ellenberg5 found that in 
children whose prior neurologic status was nor- 
mal, the risk of epilepsy was not affected by the 
number of febrile convulsions. However, those 
whose prior neurologic status was abnormal had 
considerably higher risk of epilepsy if they had had 
three or more febrile convulsions. In our series the 
risk of subsequent epilepsy was related to the 
number of febrile convulsions, but this relation- 
ship disappeared when the cases were stratified 
into high-risk and low-risk groups. 

Familial involvement. Most investigators of the 
family history of patients with febrile convulsions 
found that epilepsy was rare among relatives, 
whereas a history of febrile convulsions was com- 
mon. Our data were similar to those of Frantzen 
and associates,15 who found that the prevalence of 
epilepsy in relatives of patients with febrile con- 
vulsions was no higher than in the general popula- 
tion. The importance of a family history of febrile 
convulsions in prognosis of an individual’s risk of 
subsequent epilepsy is unknown. Livingston, 
Bridge, and Kajdi16 found that the risk of sub- 
sequent epilepsy was highest in persons with a 
family history of epilepsy, intermediate in those 
with a negative family history, and lowest in those 
who had a family history of childhood, presumably 
febrile, convulsions. In our series, however, the 
risks of subsequent epilepsy were higher among 
those who had a parent or a sibling with a history 
of a febrile convulsion. 

Sex. L e n n ~ x , ~  in a case-control study, noted that 
females who had febrile convulsions had a rather 
high risk of going on to recurrent, afebrile seizures. 
According to her data, the risk in females was 1.86 
times that in males. In our series the difference 
was not significant, although females had 1.3 
times the risk of males. 

References 

1. Walton GL, Carter CF: On the etiology of epilepsy, with 
special reference to the connection between epilepsy and 
infantile convulsions. Boston Med Surg J 125:485-488,1891 

302 NEUROLOGY 29 March 1979 



2. Patrick HT, Levy DM: Early convulsions in  epileptics and 
in others. JAMA 82:375.-381, 1924 

3. Lennox MA: Febrile convulsions in childhood: Their rela- 
tionship to adult epilepsy. J Pediatr 35:427-435, 1949 

4. Tsuboi T, Endo S: Febrile convulsions followed by nonfe- 
brile convulsions: A clinical, electroencephalographic and 
follow-up study. Neuropaediatrie 8:209-223, 1977 

5. Nelson KB, Ellenberg JI": Predictors of epilepsy in children 
who have experienced febrile seizures. N Engl J Med 

6. Livingston S: The Diagnosis and Treatment of Convulsive 
Disorders in Children. Springfield, IL, Charles C Thomas, 
Publisher, 1954, pp 75-82 

7. Hauser WA, Kurland LT: The epidemiology of epilepsy in 
Rochester, Minnesota, 1935 through 1967. Epilepsia 16:l- 
66, 1975 

8. van den Berg BJ, Yerushalmy J: Studies on convulsive 
disorders in young children: I. Incidence of febrile and non- 
febrile convulsions by age and other factors. Pediatr Res 

9. Zellweger H:  X. Prognose; katamnestische Unter-  

295:1029-1033, 1976 

3~298-304, 1969 

suchungen. 1. Beziehungen zwischen Fieberkrampf und 
Epilepsie. Helv Paediatr Acta (Helv Med Acta Series D) 
(Suppl 5) 3:107-115, 1948 

10. Peterman M G  Febrile convulsions. J Pediatr 41:536-540, 
1952 

11. Wallace SJ: Spontaneous fits after convulsions with fever. 
Arch Dis Child 52192-196, 1977 

12. Herlitz G: Studien uber die sog. Initialen Fieber-Krampfe 
bie Kindern. A d a  Paediatr (Suppl 1) 29:llO-113, 1941 

13. Friderichsen C, Melchior J: Febrile convulsions in children, 
their frequency and prognosis. A d a  Paediatr (Suppl 100) 

14. Frantzen E, Lennox-Buchthal M, Nygaard A: Longitudinal 
EEG and clinical study of children with febrile convulsions. 
Electroencephalogr Clin Neurophysiol 24: 197-212, 1968 

15. Frantzen E, Lennox-Buchthal M, Nygaard A, et al: A gene- 
tic study of febrile convulsions. Neurology (Minneap) 

16. Livingston S, Bridge EM, Kajdi L: Febrile convulsions: A 
clinical study with special reference to heredity and prog- 
nosis. J Pediatr 31:509-512, 1947 

43:307-317, 1954 

20:909-917, 1970 

March 1979 NEUROLOGY 29 303 



DOI 10.1212/WNL.29.3.297
1979;29;297 Neurology 

John F. Annegers, W. Allen Hauser, Lila R. Elveback, et al. 
The risk of epilepsy following febrile convulsions

This information is current as of March 1, 1979

Services
Updated Information &

 http://n.neurology.org/content/29/3/297.full
including high resolution figures, can be found at:

Citations

 s
http://n.neurology.org/content/29/3/297.full##otherarticle
This article has been cited by 8 HighWire-hosted articles: 

  
Permissions & Licensing

 ssions
http://www.neurology.org/about/about_the_journal#permi
(figures,tables) or in its entirety can be found online at:
Information about reproducing this article in parts

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

1526-632X.
American Academy of Neurology. All rights reserved. Print ISSN: 0028-3878. Online ISSN:
continuously since 1951, it is now a weekly with 48 issues per year. Copyright © 1979 by the 

® is the official journal of the American Academy of Neurology. PublishedNeurology 

http://n.neurology.org/content/29/3/297.full
http://n.neurology.org/content/29/3/297.full##otherarticles
http://n.neurology.org/content/29/3/297.full##otherarticles
http://www.neurology.org/about/about_the_journal#permissions
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

