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Article abstract-We followed 208 patients identified on the day of their 1st unprovoked seizure for a mean duration of 4 years. 
Seizures recurred in 64. Recurrence risks were estimated to be 14%, 29%, and 34% at 1,3, and 5 years following the 1st episode. A 
history of previous neurologic insult (remote symptomatic) was associated with a 2.5-fold increased risk of recurrence. Among 
idiopathic cases, a sibling with epilepsy, a generalized spike and wave EEG, or a history of acute symptomatic seizure increased 
risk for recurrence. Among remote symptomatic cases, status epilepticus, a prior acute symptomatic seizure, or Todd’s paresis 
increased risk. Depending upon clinical features, recurrence risk at 5 years following a 1st seizure ranged from 23% to 80%. 
TTeatment with anticonvulsant medication was not associated with a decrease in recurrence risks. 
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The clinical approach to patients with a single un- 
provoked seizure remains controversial,1,2 at  least in 
part due to conflicting information on their risk for 
further seizures. In an earlier report of prognosis in a 
cohort followed prospectively for a mean of 22 months, 
we estimated the overall risk of further seizures to be 
27% at 3 years following the initial event.3 Here we 
report the results of an extended follow-up of this co- 
hort. We modified case inclusion criteria to address 
criticism of our previous ana ly~is .~ .~  Follow-up is now 
more than 4 years, and a greater number of individuals 
have experienced recurrence, providing a larger effec- 
tive sample size for more precise estimates of risk over a 
longer duration and increased power to evaluate poten- 
tial factors predictive of recurrence. 

Methods. Potential cases of 1st seizure were ascertained 
through a surveillance system to identify patients presenting 
for evaluation of newly identified seizures. This comprised 
review of hospital admissions, referrals to EEG laboratories, 
and referrals to the neurology and epilepsy clinics a t  4 hospi- 
tals affiliated with the University of Minnesota. To facilitate 
patient identification (as well as to assure optimal medical 
care), emergency room staff agreed to obtain neurologic con- 
sultation on all new cases of seizures or epilepsy, and hospital 
admission from the emergency room was expedited for such 
cases. 

Once informed consent was obtained, patients were 
screened to determine eligibility for a series of studies. Inter- 
views were scheduled to obtain medical (and especially neuro- 
logic) history, as well as family and social history. The 
interview, requiring up to 3 hours, often could not be com- 
pleted at the time of hospitalization in which case it was 

scheduled following discharge. 
Most patients with newly identified unprovoked seizures 

(74%) had experienced multiple seizure episodes prior to their 
1st medical contact. The subjects of this report are restricted 
to those who (1) had experienced a definite unprovoked sei- 
zure as documented by an eyewitness, (2) on review of past 
history had not experienced a previous unprovoked seizure, 
and (3) were identified and had signed consent forms within 
24 hours of the index seizure. In contrast to our previous 
report, we also required that (4) the interview be completed 
within 30 days of the index episode. 

A 1st unprovoked seizure was defined as 1st seizure oc- 
curring without an identified proximate precipitant. Seizures 
occurring in the context of uncertain precipitants such as 
sleep deprivation or “stress” were considered unprovoked. 

All seizures were categorized as partial or generalized onset 
based upon description of the seizure by an eyewitness accord- 
ing to criteria recommended by the ILAE.5 Generalized onset 
seizures by description were so categorized independent of 
findings on EEG or neurologic examination. 

The patient’s seizures were categorized by etiology3 as 
idiopathic (seizures in the absence of a historical insult 
thought to substantially increase the risk for unprovoked 
seizures) or remote symptomatic (seizures in individuals with 
a prior history of CNS insult known to substantially increase 
the risk for subsequent epilepsy, such as head trauma? cere- 
brovascular i n ~ u l t , ~  CNS infection,!j or static encephalopathy 
from birth manifest by mental retardation or cerebral 
palsygJO). An unexplained localized abnormality identified in 
the diagnostic evaluation (eg, a reflex asymmetry on examina- 
tion or focal slowing on EEG) did not modify this categoriza- 
tion but was treated as a potential confounder in the analysis. 
Individuals remained in the category of initial assignment by 
etiology and seizure type regardless of subsequent information 
since these are the data a clinician would have at the time of 
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initial assessment. Thus, an idiopathic case in whom a CNS 
neoplasm was identified subsequent to initial evaluation 
(4 such cases were identified in this cohort) remained in the 
idiopathic category for analysis of recurrence risks. 

The definition of single seizure includes status epilepticus 
(seizures continuing for 30 minutes or more without interrup- 
tion) and clusters of seizures (2 or more) in the same 24-hour 
period; excluded are acute symptomatic seizures (seizures oc- 
curring in close temporal association-operationally within 1 
week of an acute insult to the CNS-or at the time of an acute 
systemic metabolic or toxic insult). Because this was an obser- 
vational study, there was no attempt to influence the practice 
of the treating physicians once patients had been identified. 
Thus, there was no standardization of treatment (if any) nor 
systematic monitoring of adequacy of therapy in those for 
whom anticonvulsant medication (AED) was recommended. 
We did obtain information on the use of AEDs from the 
patient as part of the follow-up information, but we judged 
these data to be insufficient to evaluate adequacy of treatment 
or compliance. 

Five categories of EEG findings were evaluated (1) gener- 
alized spike and wave (GSW) patterns regardless of symme- 
try, repetition, rate, regularity, or state of alertness during 
which they occurred; (2) focal epileptiform (sharp waves or 
focal spikes, multifocal spikes, bilateral homologous spikes; 
patterns of uncertain significance, such as 6-second spike and 
wave, small sharp spikes, 14 and 6 positive spikes, were not 
included in this category); (3) focal slowing (unilateral poly- 
morphic or rhythmic slowing); (4) nonspecific slowing (in- 
creased theta or delta for age); and (5) normal. For the final 
analysis, focal slow and focal epileptiform groups were com- 
bined as were the normal and nonspecific groups. 

Subjects were contacted at  6-month intervals for 2 years 
from date of the 1st seizure and annually thereafter through 
1985. If a seizure occurred in the interval between the 1st 
seizure and the time of the initial interview, the case remained 
in the study, and that date of recurrence was considered an end 
point. Follow-up was terminated for any of the following: 
(1) death, (2) the occurrence of an event usually associated 
with an increased risk for unprovoked seizures, such as head 
injury with loss of consciousness or an acute cerebrovascular 
insult, or (3) request by the patient to terminate participation 
in the follow-up study. 

Potential misclassification (ie, 1st seizures as recurrent 
seizure or vice versa) was evaluated by comparing hospital 
records with study interview forms for a random sample of 200 
of the 645 patients classified as newly diagnosed epilepsy 
(recurrent unprovoked seizures) and all 208 patients classified 
as 1st seizures. The hospital records were reassessed to iden- 
tify 1st seizure cases inappropriately classified as epilepsy 
because of a recurrent seizure between the index 1st seizure 
and interview. No such cases were found. Rather, our review 
identified 13 cases diagnosed as a 1st seizure in hospital rec- 
ords who, based upon our independent study interview, clearly 
had experienced previous unprovoked seizures (usually com- 
plex partial) prior to the index seizure. Had we relied on 
hospital records for case ascertainment, these 13 cases of 
epilepsy would have been included as 1st seizures. 

Analytic procedures. The cumulative risks of recurrence 
were determined by life-table methods, with euent defined as 
an unprovoked seizure recurrence.11J2 These methods take 
into account the length of follow-up in each individual. The 
computed risks, therefore, represent the risk of recurrence 
conditional on surviving seizure-free through the specified 
time (follow-up) interval. Univariate analysis (Kaplan-Meier 
survival curves) for each variable relates the cumulative per- 
cent recurrence to the time after 1st seizure.13 For this analysis 
recurrence in those with the factor in question is compared 
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with those without, irrespective of the presence of competing 
risk factors in either group. The proportional hazards model 
was used to estimate univariate and multivariate rate ratios, 
defined as the ratio of the rate of seizure recurrence in the 
group of patients with a given factor to the rate of seizure 
recurrence without that factor (eg, remote symptomatic ver- 
sus idiopathic).14 Expected risks for specific factors were de- 
rived by adding the rates of recurrence estimated from the 
subgroup of patients with no statistically significant risk fac- 
tors (baseline) to the risk estimate of the factor in question. 
Age was analyzed both as a continuous and as a discrete 
variable. Findings were considered significant when the 
bounds of the 95% confidence interval did not include unity. 

Results. Of 1,167 newly recognized seizure patients 
included in the larger series, 208 were identified with a 
1st unprovoked seizure, recruited within 24 hours, and 
had their interviews completed within 30 days. These 
patients were followed prospectively a total of 853 
person-years. Sixty-five subjects included in the  initial 
report3 but  not interviewed within 30 days of the index 
event are excluded in this analysis, while another 29 1st 
seizure cases identified and recruited after the date of 
closure for the earlier analyses are included. Although 31 
patients were lost to follow-up, almost all contributed at 
least 2 years to the analyses. A total of 20 subjects were 
withdrawn because of death (8), an intervening CNS 
insult such as head trauma thought to increase the risk 
for seizures (8), or patient request to terminate our 
follow-up contacts (4). Recurrent unprovoked seizures 
during the follow-up interval were identified in 64 cases. 

Overall risk for  seizure recurrence-Kaplan-Meier 
estimates (figure 1). For the total group, recurrence was 
estimated to be 14%, 29%, and 34% at 1,3, and 5 years, 
respectively, following the  1st convulsive episode. Risk 
was estimated to  be 39% by 7 years following the 1st 
episode and, among the 26 patients followed more than 
7 years (contributing 15.9 person-years t o  the analysis), 
there were no further recurrences. The  recurrence risk 
was not constant over the 7 years of follow-up. The risk 
was highest in the 1st year following the initial seizure 
and tended t o  decrease with increasing time interval 
from the index seizure. 

There were 3 subjects who had recurrent episodes in 
association with abrupt discontinuation of alcoholic 
beverages. These individuals were excluded from more 
detailed analyses, although neither the recurrence rates 
nor the estimates of recurrence risk for the various 
subgroups analyzed were altered by their exclusion. 

Etiology (idiopathic versus remote symptomatic 1st 
seizure). A history of an identified insult to the CNS (ie, 
stroke, infection, head trauma) was an  important pre- 
dictor of seizure recurrence. The  recurrence risk for the 
149 patients with an idiopathic seizure was estimated to 
be lo%, 24%, and 29% at 1,3, and 5 years, respectively, 
following the 1st convulsive episode (figure 2). This 
contrasts sharply with recurrence risks of 26%, 41%, 
and 48% at 1,3, and 5 years among the 59 patients with a 
remote symptomatic seizure. 

Different predictors of recurrence were identified in 
those with remote symptomatic seizures when com- 
pared with those with idiopathic seizures, so results of 
Kaplan-Meier analyses are presented separately. 



Kaplan-Meier Product Limit Analysis 
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Figure 1. Recurrence of seizures among 208 patients after a 
1st unprovoked seizure. I n  this and subsequent figures 
arrows identify standard errors. 
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Figure 2. Recurrence of seizures among 149patients with 
idiopathic seizures and 59 with remote symptomatic 
seizures. 

Idiopathic cases. Among idiopathic cases, signifi- 
cantly increased recurrence risks were observed in sub- 
jects with a sibling with epilepsy (figure 3A), in subjects 
with GSW (figure 3B), and in subjects with histories of 
prior acute symptomatic seizures (figure 3C). For those 
with an affected sibling, the recurrence risk was 29% at 1 
year and 46% at 5 years compared with 7%, 22%, and 
27% at 1, 3, and 5 years for those without an affected 
sibling. For those with GSW, recurrence risks were 15% 
at 1 year and 58% at 5 years compared with 9%, 21%, 
and 26% at 1,3, and 5 years for those without. For those 
with a history of prior acute symptomatic seizures (pri- 
marily febrile seizures), risk was 10% at 1 year and 39% 

Kaplan-Meiet Product Limit Analysis 
A 
m 
0 
C 

U 
U 
7 
0 m a 
U 

0 

I4 
01 
PI 

: 

5 

.-I 
4J 

rl 

U 

B 
0) 
U 
E 
Q) 

U 
1 

i 
1, 

m 
0 
U m 
& 

m 
P 
4 
U 

rl 
7 

0 
B 

C 
0 
0 
E 
U 

1 
m a 
U 

0) 

U 
& 

PI 
P 
.d 
1, 

rl 
1 

V 
5 

'Di 60 

- Sibling(s) affected (N=14) 
- No sibling affected (N=135) 

t 

I......... 2 o v 5  
o $ .  I .  I . ,  . I .  I .  I 

0 20 40 60 8 0  100  120  

I00 

60 

60 

40 

20 

0 

Months of Follow up 

- GSW EEG pattern (N=13) - other EEG pattern <N=136) 

t 
......................................... I 

JI 

I . , . , ~ , ~ ,  ~~ I ' 

20  4 0  60 80 100 120 

Months of Follow up 

40 

I I .................... 

20 lL-+---+ 
Prior Acute (N=ll) - 

- NO Prior Acute (N=138) 
o : '  . I . I . , . , . I . , 
0 20 4 0  60  80 100 120 

Months of Follow up 

Figure 3. (A) Recurrence among patients with idiopathic 
seizures with and without a n  affected sibling. 
(B) Recurrence among patients with idiopathic seizures 
with and without GS W EEG pattern. (C) Recurrence 
among patients with idiopathic seizures with and without a 
prior acute event. 
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Figure 4.  (A) Recurrence among patient with remote 
symptomatic seizures with and without Todd's paresis. 
(B) Recurrence among patients with remote symptomatic 
seizures with and without a prior acute event. 
(C) Recurrence among patients with remote symptomatic 
seizures with and without multiple seizures or status 
epilepticus. 
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at 5 years compared with lo%, 23%, and 27% at 1,3, and 
5 years for those without. 

Possible risk factors found not to be significant pre- 
dictors of recurrence for those with a 1st idiopathic 
seizure included abnormal neurologic examination, ab- 
normal EEG other than GSW, status epilepticus or 
multiple seizures, age, gender, seizure type, Todd's pa- 
resis, history of epilepsy in parents, and history of acute 
symptomatic seizures in any 1st-degree relative. 

Remote symptomatic cases. Among remote sympto- 
matic cases, significantly increased recurrence risk was 
observed in those with Todd's paresis (figure 4A), sub- 
jects with prior acute symptomatic seizures (figure 4B), 
and subjects whose index episode was characterized by 
status epilepticus or multiple seizures (figure 4C). Re- 
currence risk after the index episode for those with 
Todd's paresis was 41% at 1 year and 75% at 5 years 
compared with 22%, 31%, and 39% at 1,3, and 5 years 
for those without. For those with a prior acute seizure, 
the risk was 60% at 1 year and 80% at 5 years compared 
with 17%, 33%, and 41% at 1,3, and 5 years for those 
without. In those with status epilepticus or multiple 
seizures, recurrence risk was 37% a t  1 year and 56% at 3 
and 5 years compared with 21%, 34%, and 43% at 1,3, 
and 5 years for those without. 

Among subjects with remote symptomatic seizures, 
no significant increased risk of recurrence was associ- 
ated with having a 1st-degree relative with epilepsy or 
seizures, abnormal neurologic examination, seizure 
type, age, EEG finding, or gender. 

Rate ratios for recurrence. The univariate rate ratios 
for the total group, for those with idiopathic seizures, 
and for remote symptomatic seizures are presented sep- 
arately (table 1). For the total group, factors associated 
with a significantly increased rate ratio for recurrence 
included etiology, Todd's paresis, having an affected 
sibling, a prior acute seizure, multiple seizures/status 
epilepticus, and the presence of a GSW EEG pattern. 

For the idiopathic group, a GSW EEG pattern, a 
history of an acute symptomatic seizure, or an affected 
sibling were again significant predictors of increased 
recurrence risk. The rate ratio was between 2 and 3 for 
each. The rate ratios were increased (although not sig- 
nificantly) for those with Todd's paresis, multiple sei- 
zures/status, and an abnormal neurologic examination. 
Sex, age, and seizure type were not associated with 
increased rate ratios. 

For those in the remote symptomatic group, Todd's 
paresis, multiple seizures/status, and a history of an 
acute symptomatic seizure were associated with signifi- 
cantly elevated rate ratios. Rate ratios were elevated 
(but not significantly) for those with a sibling with 
epilepsy or an abnormal neurologic examination. Age, 
sex, and seizure type were not associated with increased 
rate ratios. When all factors significant in the univari- 
ate analysis were entered into a multivariate Cox analy- 
sis (table l) ,  the same predictors, with the exception of 
multiple seizures/status epilepticus, remained signifi- 
cant for the total group, although the magnitudes of the 
effects were slightly altered. 

To evaluate possible interaction with duration of 
follow-up, rate ratios for recurrence were separately 



Table 1. Univariate rate ratios and multivariate rate ratios (95% confidence intervals) as estimated by Cox 
regression analysis 

Variable 
in model 

Etiology 
(remote symptomatic) 
Todd’s paresis 

Sibling affected 

Multiple seizures/ 
status epilepticus 
Abnormal neuro exam 

Seizure type 
(partial vs 
generalized) 
Prior acute seizures 

GSW EEG pattern 

Total group 
(N = 208) 

Univariate Multivariate 

1.95* 
(1.27, 2.99) 

1.94t 
(1.21,3.13) 

2.29* 
(1.30,4.03) 

1.797 
(1.12, 2.86) 

1.01 
(0.64, 1.58) 

2.55t 
(1.44,4.51) 

1.94t 
(1.18,4.51) 

1.99t 
(1.09,3.60) 

1.47 
(0.87,2.47) 

1.72 
(0.96,3.11) 

0.98 1.04 
(0.84, 1.15) (0.81, 1.23) 

3.33* 2.69* 
(2.02, 5.49) (1.56,4.62) 

1.93t 2.167 
(1.00, 3.73) (1.07,4.38) 

Idiopathic 
(N = 149) 

Univariate Multivariate 

Remote 
(N = 59) 

Univariate Multivariate 

1.27 
(0.64,2.53) 

2.477 
(1.25,4.91) 

1.26 
(0.64,2.51) 

1.62 
(0.68,3.85) 

1.05 
(0.85, 1.29) 

1.41 
(0.69,2.89) 

2.51t 
(1.23,5.11) 

1.43 
(0.69, 2.96) 

1.35 
(0.56, 3.27) 

1.09 
(0.87, 1.37) 

2.19t 1.70 
(1.05,4.53) (0.78,3.71) 

2.84t 2.69t 
(1.43,5.66) (1.28,5.67) 

3.31* 
(1.64,6.65) 

1.97 
(0.71,5.43) 

2.09t 
(1.05,4.16) 

2.09 
(0.91,4.20) 

0.96 
(0.82, 1.22) 

2.93* 
(1.31, 6.54) 

0.95 
(0.30, 3.02) 

1.19 
(0.49, 2.89) 

2.10 
(0.98, 4.46) 

1.00 
(0.77, 1.29) 

4.82* 4.75* 
(2.29, 10.14) (1.82, 12.42) 

$ $ 

* p 5 0.01. 
t p 5 0.05. 
$ Failure to converge in likelihood due to small number of cases in a subset of that category. 

( ) 95% confidence intervals. 

evaluated for recurrence in the 1st year and for recur- 
rence after that time. These analyses revealed little 
change in the ordering of rate ratios for individual fac- 
tors, although the magnitude of the effect for individual 
factors was changed. 

Treatment with continuous AED was recommended 
for 80% of cases. Medication could not be shown to 
favorably affect recurrence rate ratios and was in fact 
associated with a modest but nonsignificant increase in 
risk. 

Modeling. We have used the rate ratios derived from 
the multivariate analysis to model predicted recurrence in 
idiopathic and remote symptomatic cases (table 2). For an 
idiopathic case without an affected sibling, with no his- 
tory of acute symptomatic seizures, no status or multiple 
seizures at presentation, no evidence of Todd’s paresis, 
and without a GSW EEG pattern (ie, baseline), the pre- 
dicted risk for recurrence by 5 years following the initial 
episode is 20.6%. The predicted 5-year risk increases to 
45% for those with an affected sibling, 48% with a GSW 
EEG pattern, and 34.6% with a history of acute seizure. 
For the remote symptomatic cases with no other identi- 
fied factors, observed recurrence risk at 4 years was 36.9% 
compared with a predicted risk of 53.3% for those with 
status/multiple seizures, 83.8% for those with Todd’s, and 
95.3% with prior acute symptomatic seizures. 

Discussion. In the present study we find a modest 
overall risk for recurrence following a 1st seizure: 34% at 
5 years. Studies since 1981 have reported seizure recur- 
rence following 1st seizure from 31% to 71%15-21 (table 
3). Such variance is not surprising, since basic study 

design, characteristics of populations studied, mean du- 
ration of follow-up, and methods of statistical analysis 
differ substantially. Some of these differences are dis- 
cussed below. 

Referral versus general population studies. A 1st 
seizure in the United States is seldom a reason for 
referral to a specialist; rather, initial evaluation is un- 
dertaken by the pediatrician, general practitioner, in- 
ternist, or emergency room physician. Only cases 
perceived as being more complex will have initial refer- 
ral to a specialty clinic. Since factors associated with 
referral may also be factors that predict seizure recur- 
rence, studies dealing with referral populations start 
with a unique subgroup of 1st seizure patients who may 
be at  exceptionally high risk for recurrence. 

In the present study, which identified cases at  the 
initial point of medical contact, 25% of idiopathic cases 
without any risk factor experienced a recurrence a t  5 
years following a 1st seizure. Five-year recurrence risk 
was considerably higher for other subgroups, reaching 
80% in those with a remote symptomatic 1st seizure and 
a history of acute symptomatic seizures (table 2). Thus, 
wide variation in total recurrence risk might be seen 
depending on the distribution of risk factors in a study 
population. 

Similar referral bias may apply to studies depending 
upon referral to EEG laboratories.21 Physicians may 
not wish to put patients through the cost or inconven- 
ience of the testing or the patient may not keep an 
appointment even when scheduled. Thus, in the United 
Kingdom, where socialized medicine programs remove 
financial impediment to referral for EEG evaluation 
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Table 2. Observed and expected rates of recurrence in subgroups based upon univariate rate ratios as applied 
to observed baseline rates of recurrence 

Risk 
factors 

Baseline* (N = 78) 
Idiopathic with an affected sibling 
(N = 10) 
Idiopathic with a GSW EEG pattern 
(N = 10) 
Idiopathic with prior acute seizures 
(N = 7) 
Idiopathic with abnormal examination 
(N = 13) 
Idiopathic with abnormal examination 
and 1 or more other features (N = 26) 
Two or more features with normal examination 
(N = 5) 

Remote symptomatic with no other 
significant factors (N = 32) 
Remote symptomatic with Todd’s paresis 
(N = 4) 
Remote symptomatic with prior acute 
symptomatic seizures (N = 3) 
Remote symptomatic with multiple seizures 
or status epilepticus (N = 8) 
Two or more factors (N = 12) 

Months of follow-up 
12 24 36 48 

7.0% 
20.0% t 

(15.3%) 
10.0% 

(16.5%) 
0.0% 

(11.0%) 

9.3% 
(10.0%) 

14.3% 

13.0% 
20.0% 

(30.4%) 
55.0% 
(32.5%) 
14.3% 

(22.5%) 
15.4% 

(18.6%) 

14.3% 

16.7% 
31.4% 

(38.3%) 
55.0% 

(40.7%) 
28.6% 

(28.7%) 

20.3% 
(23.9%) 

22.7% 

19.0% 
31.4% 

(41.4%) 
55.0% 

(43.9%) 
28.6% 

(31.3%) 
23.0% 

(27.2%) 

22.7% 

40.0% 40.0% 70.0% 70.0% 

15.9% 
(19.7%) 

0.0% 
(48.8%) 
100.0% 
(67.6%) 
25.0% 

(24.4%) 
41.7% 

15.9% 

25.0% 
(67.5%) 
100.0% 
(89.4%) 
37.5% 

(37.4%) 
75.0% 

(37.9%) 
24.8% 

(47.1%) 

50.0% 
(79.0%) 
100.0% 
(92.8%) 
37.5% 

(47.8%) 
75.0% 

36.9% 
(50.2%) 

50.0% 
(83.8%) 
100.0% 
(95.3%) 
37.5% 

(53.3%) 
75.0% 

60 

20.6% 
45.1% 

(45.5%) 
55.0% 

(48.2%) 
52.4% 

(34.6%) 
25.8% 

(29.5%) 

22.7% 

70.0% 

36.9% 
(54.1%) 

* Baseline is defined by idiopathic etiology with normal examination, no affected siblings, no GSW EEG pattern, no status epilepticus, no Todd’s 

t Observed recurrence with that expected in parentheses below each value. 
paresis, no prior acute events, and only a single seizure during the initial seizure episode. 

(but may introduce other difficulties such as inordinate 
delay in scheduling the test), only 74% of patients with 
seizures or epilepsy identified through hospital records 
and files of general practitioners had an EEG tracing at 
any time, much less at time of initial diagnosis.22 In a 
study in the United States, failure to keep a scheduled 
EEG appointment was associated with lower recur- 
rence risk.20 

Case definition. Risk estimates will vary, depending 
on the sensitivity and specificity of the inclusion crite- 
ria. Our case definition (see Methods) is highly specific 
(all cases identified are indeed 1st seizures) but not 
necessarily sensitive (1st seizures not coming to an 
emergency room or not witnessed, or not interviewed 
within 30 days are excluded). 

Misclassification. Most individuals with newly as- 
certained unprovoked seizures will have experienced 
multiple seizure episodes by the time of 1st medical 
evaluation (74% in the series from which the present 
cohort was derived). Studies that rely on histories not 
specifically addressing the question of prior seizure oc- 
currence (such as record reviews) may include a sub- 
stantial proportion of cases identified as 1st seizures 
that are, in fact, recurrent. 

In reviewing a sample of hospital records of recurrent 
seizure cases from which the present series was derived, 
7% (all with generalized tonic clonic seizures) were 
labeled as 1st seizures by house staff and neurology 
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attending physicians but had actually experienced prior 
unprovoked (usually complex partial) seizures. This 
history of prior seizures was identified only through 
detailed questionnaires administered by trained inter- 
viewers. Since seizure recurrence among those with 2 or 
more unprovoked seizures is 70% or inclusion 
of such cases would have substantially raised the esti- 
mate of risk for recurrence. 

Time of ascertainment. Even when groups of pa- 
tients are followed prospectively, recurrence may be 
determined either from time of 1st visit or time of 1st 
seizure. The invariable lag between the occurrence of a 
seizure and referral or visit to a referral center means 
that some patients will have experienced recurrence 
prior to being seen and thus will be ineligible for studies 
dating recurrence from 1st visit. Exclusion of cases with 
early recurrence may underestimate the recurrence risk. 
Hopkins et all8 found a short interval between 1st sei- 
zure and 1st visit to the referral center to be a predictor 
of recurrence. Alternatively, studies of referral popula- 
tion which backdate follow-up to time of 1st seizure may 
overestimate recurrences since seizure recurrence may 
be a major factor in a patient’s decision to keep an 
appointment. 

Retrospective ascertainment such as in The Collabo- 
rative Perinatal Project (prospective for prenatal and 
perinatal factors, but retrospective for seizure oc- 
currence and recurrence) is even more likely to overesti- 



Table 3. Seizure recurrence after a 1st unprovoked seizure: Summary of results of studies published 
since 1980 

Interim from 
Study Source Recurrence Seizure 1st seizure to Seizure Analytic 

Study design ofclass Population risk type study entry veriacntion methods Risk factors 

Elweal5 ? Specialty Adulta 71% a t 3 p  Generalized Within24hrs Patient Actuarial - 
clinic interview 
referrals 

AnnegerslG Historical Medical Allsgea 48%at3yrs AUtypes Within24hra Chart Actuarial EEGetiology, 
Cohort records- review proportional sz type, 

emergency hezarda abnormal 
hospital n e w  exam 
admission or 
outpatient 

Hirtzl'l Historical Annual Children 69Wbyage7 Alltypes U p t o l y r  Parent Proportions Sztype, 
cohort inteMew underage7 (include9 (at time of interview neonatal sz 

acute annual 
symptomatic) history 

Update) 

Hopkin818 Prospective Specialty Adults 5256at3yrs AUtypes 
clinic 
referral 

Clelandlg Retrospective Specialty Adults 39% - crude All types 
clinic 
referral 

Shinwm Pmspwtive Emergency Children 2 9 % a t 2 p  Alltypes 
m m  (UP to 18) 
contads 

Camfield21 Prospective EEGlab Childrem 51%-crude Alltypes 
referrals 

Preeent Prospective Emergency Allagea 30% at3yrs Alltypes 
study m m  

contacts 

Nonrielr Proportion 
factors treated 

None 

Sex,age,AED 60% 

Febrile sz, 27% 
neurologic 
exam, family 
history of 
afebrile sz, 
AED 

Upto8wks Patient Actuarial Intervalto Sztype, "Occasional" 
interview referral, time age, CT, EEG?, 

ofday, AED 
family history?, 
febrile sz? 

Up to 6% wks Patient Proportions EEG 
interview 

Unknown 

At time of Patient Actuarial Family history Age, sex, status 5% 
82 (parent) proportional of afebrile sz, epilepticus 

interview hazards EEG, etiology, 
acute sz, 
82 type 

Unknown Chart review Proportions EEG, abnormal Wake, sleep, 68% 
n e w  exam, febrile sz, 
92 type AED 

Within 24 Patient or Actuarial, EEG, etiology, Age, ex, AED, 80% 
hrs of 82 parent proportional family history 8z type 

interview hazards ofafebrile 
sz, acute 
symptomatic sz, 
Todd's paresis, 
statua epilepticus, 
multiple BZ 

sz Seizure(s). 
AED Preacription of antiepileptic drug. 

mate recurrence, since the more seizures an individual 
experiences, the more likely he or she is to come to 
medical attention. 
Risk factors for  recurrence. Despite major dif- 

ferences in overall recurrence risk reported from various 
studies (perhaps due to differences elucidated above), 
some consistency in factors associated with recurrence 
has been observed (table 3). In most studies presenting 
data, recurrence was significantly higher among cases 
meeting our criteria for remote symptomatic seizures 
when compared with idiopathic seizures.16.20 

An abnormal EEG has been a consistent predictor of 
recurrence, although there has not been agreement on 
the nature of the predictive EEG abnormality. In the 
present study, only a GSW pattern was associated with 
an increased recurrence risk. Other studies report only a 
focal EEG21 or any abnormal EEG16s20 to be predictive 
of recurrence. 

We found that a history of acute symptomatic sei- 
zure was associated with an increased risk for recur- 

rence. Elevated risks for children20 and possibly adults17 
with prior febrile seizures have been reported. A sibling 
with epilepsy was predictive of recurrence in adult@ 
and children with an abnormal EEG.20 Only 1 other 
study has analyzed status epilepticus as a risk factor, 
and, unlike the present study, this factor was not pre- 
dictive of recurrence.20 No other studies have reported 
Todd's paresis to be a predictor. This finding is inde- 
pendent of neurologic examination. 

Unlike the present study and the adult series of 
Hopkins et a1,18 a partial seizure has been a predictor of 
recurrence in studies dealing exclusively with chil- 
dren17,20,21 and in the study of Annegers et al.16 Although 
we included subjects of all ages, only 23% of cases were 
under age 20 and most of these were teenagers. It is 
possible that children are different from adults in this 
respect. We do not find an abnormal neurologic exami- 
nation to be a significant predictor of recurrence, al- 
though the point estimates of the risk are similar to 
those reported by Annegers et a1.16 In agreement with 
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several studies, neither age at 1st seizure nor sex were 
predictors.16J8,20 

Although no studies published heretofor have been 
designed specifically to evaluate AED therapy, some 
analyses of the factor have invariably been attempted. 
No study has shown treatment to reduce recurrence 
risks, and in some, such as the present study, prescrip- 
tion of AED was associated with an increased recur- 
rence risk even when controlling for other risk factors. 
This does not mean that medications are ineffective in 
the prevention of seizures: the data available are inade- 
quate to determine whether the results are real or ar- 
tifacts attributable to irregular medication use, 
inadequate or inappropriate AED, or AED withdrawal. 
The proper medication in the proper dose taken on a 
consistent basis is necessary to confirm or deny efficacy. 
In general, patients in the present study given AED 
were placed on low dosages, levels were not monitored or 
adjusted, and many did not take the medication on a 
regular basis if at all. The question of AED effect can 
only be addressed in a randomized clinical trial with 
careful monitoring of AED use in treated patients.24 
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