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Dié*gnostié Factors in Adult Males

A Three-Year Follow-Up

- Following Initial Seizures :

Laverne C. Johnson, PhD; William L. DeBoit, MD; Michael T, Long, MD; John J. Ross, MD;
Jon F. Sassin, MD; Ransom J. Arthur, MD, San Diego; and Richard 1), Walter, M D), Los Angeles

Seventy-seven navy enlisted men with a mean
age of 23.2 years (runge, 17 of 48) were admitted
1o the hospltal after their first seizure and given
a provisiona! disgnosis of convulsive disorder,
The subjects were followed-up for thres years to
see il reliable pradiciors of subsequent selzures
and diagnosis could be oblained at the first
examination. I not readmitted because of a sec-
ond seizure, each patient was recailed at the
end of his first and third year in the study for
foliow-up examinations,

Following a second selzure and readmission

The studies reported to date of late onset
seizures have been in patients with multiple
seizures and with a positive diagnosis of
convulsive disorders.’** To our knowledge,

Accepled for publication May 25, 1972,

From the Navy Medical Neuropsychintrie Re-
search Unit, San Diego, Calif (Drs. Johnaen, De-
Bolt, Long, Ross, Sassin, and Arthur), and the
Depactment of Neurofogy, University of Califorain,
los Angeles (Dr. Walter). Dra. DeBolt and Long
are now in private practice in San Diego; Dr. Ross
is now with the University of Florida, Gainesville;
and Dr. Sussin is now with Montefiore Hosplial and
Medical Center, New York.

The opinions and nssertions contnined herein are
the private ones of the writers and nre not to be
construed officinl or as reflecting the views of the
Navy Department.

Read in part before the American Electioenceph-
alographic Soclety, Minneapolis, September 1971,

Reprint requests to Navy Medical Neuropsychin.
tric Research Unit, San Diego, Culif 92152 (Dr.
Johnson).

fo the hospital, J33% were diagnosed as having
a convulsiva “diccrder, 18% a peychistric dis-
order, and 8%_a neurclogical iliness. Thirty-six
percent never had -a second seizure. Of those
expetiencing a second sefzure 77% were read-
mitted during the first year. Three varisbies were
used as prediclors of second seizures and final
diagnoses: type of seizure (major motor); eleciro-
encephalographic clascification (spikes with or
without slow waves); and presence of postictal
confusion and disorlentaiion,

(27:193-197, 19772)

there is no definitive study on how many
patients experiencing their first seizure at
this age do not experience subsequent sei-
zures,

The purposes of this study were (1) to
determine how many patients experiencing
their first seizure in young adulthood or
later would have a second seizure, and (2)
to determine if relinble predictors of subse-
quent seizures and the final diagnosis could
be made from data obtained at the first
examination,

Method and Material

‘The series consisted of enlisted Navy pa-
tients admitted to the San Diego Naval Hospi-
tal with a complaint of a single convulsion,
seizure, or unexplained loss of consciousness,

Arch Neurol—Vol 27, Sept 1072
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who were given a provuional ldmitting diagno-
nctive service remaimnx. lnd who were be}ond
récruit mining No patientl in these categories
were excluded ‘uniless they were found to have
(§) seizures exintmg prior to entry mto service;
(2) demonstratile organic causes for their com-

plaints, or othér medical ﬁndinga that. wou'd
prevent their- retux’n to duty, (3) administrative
reasons that. would»prevent return to duty;.or

i4,-chronic alcoholmn. No patient admitted to.

a history of recent dmg -Aise,

We were intcrestcd in:only those- patients for
-whom there could ‘be ‘found no organic causes
for their preeentlng syniptoms at' first evalua-
tion. Patients who had fainted while in parade
formation, while blood- was being- drawn, - or
during anincculation were not included. ‘Pa-
tionts -whose seizures appeared to havé been
precipitated by sleep loss and fatigue were
inzluded.

Seventy-seven patients were accer'd in the
study, All were given.(1) a detailed. history.and.
physical examination (with stress on neurologi-
cnl and possible precipitating causes for their
complmnts), (2) repeated clectroencephalo-
grams using various activation procedures,
including sleep, sleep deprivation, photic stimu-
lation, and hyperventilation; (3) a family-hiato-
ry questionnaire, which was mailed to a parent
or closest relative; (4) laborutory studies of
blood, urine, chemistry, and cercbrospinal fluid
(CSF) to rule out systemic causes; (5) a lum-
bar puncture; (6) an x-ray film acries of the
skull; (7) psychological tests inctuding mea-
sures of intelligenco (Wechsler Adult Intelli-
gence Scale [WAIS]) visual-motor functioning
(Bender-Gestalt, Memory for Designs), per-
sonality (Minnesota Multiphasic Personality
Inventory), and a somatic complaints question.
naire, Cornell Medical Index (CMI); and (8) a
psychiatric examination,

‘In addition, contrast procedures were used
when indicated,

After this evaluation, the patients were sent
back to unlimited duty with no anticonvulsant
medication. The only dingnosis made at this
time was “observation medical,” which is a
discharge diagnosis used by the Navy after a
period of hospitalization to indicste that a
dingr.usis of a specific illness or disense was not
made. Instructions were pluced in each pa.
tient's medical records stating that he was a
member of a specinl seizure study, that no
seizure medication wns to be given, and that
the patient was to he returned to the San
Diego Naval Hospital if ho had subsequent
complaints similar to those on first examinan-
tion, ‘These instructions were also given to cach
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paiient Except for.one patient who was sensi-
tivo -to.photic stimulation and whose duty was
on trm Alight deck of a carrier, no reumcuons
were placed on a-patient's assignment. Tt.-was

recommended this patient not be assitned to-

the fiight deck.

Those patients who-did not have a subse:
quent spell or seizure during their first year in
the study were called back at their anniveraarv
date for reevaluation and then were again

~roturned to duty.. After two more years, they

‘were again called back for study, if not ad-
mitied because.of a second seizure during this
period.

Resulls

The total sample mean age was 23,2593
years, with a range from 17 to 48 years, The
average intellectual level was WAIS 1Q
104.7 + 9.60" with a range from 88 to 130,

Of. the total -sample- of 77, 49 (63.6%)
were invalided from the service during their
three-year follow-up period,

Thirty (38.9%) were diagnosed by the
neurology staff-and discharged from the ser-
vice as having svizure disorders. Tho dis-
charge disgnoses for the seizure patients
were major motor seizures, 27 patients; psy-
chomotor seizures, two patients; and focal
motor epilepsy, one patient. The grand mal
convulsions in two patients were precipitat-
ed by reading, but no other reflex-type sei-
zures were present, although one patient
with grand mal scizures was sensitive to
flickering light un examination.

Fourteen patients (18.1%) were given
a psychiatric diagnosis of personality-trait
disorder after their sccond admission.

Four patients (5.29,) were given a neu-
rological diagnosis after their second sei-
zure. These diagnoses included the follow-
ing: one chrunic alcoholism with seizures;
one vascular malformation with cortical
atrophy; one posttraumatic encephalopathy;
and one encephalopathy secondary to arte-
riosclerosis. Except for these four patients,
no significant neurological signs were found
in any patient on initial or follow-up exami-
nations, No neoplasms or space-occupying
lesions were found.

One patient was given a discharge diagno-
sis of syncope associated with Wolff-Parkin-
son-White syndrome, without evidence of
cardinc disease or disability.

Arch Neurol—Vol 27, Sept 1972
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'I‘wenfy—eight'patiénts (38.4%) were nev-
er. given a diegnosis. Nine. of these comi-
pleted their tour.of duty during-the second
or third year of: the study and were relensed
from the service usymptomahc. ‘Nineteen re-

turned for their three-year follow-up.study-

and were free of seizures,

None of-the patients injured-himself or
was reported to have vndangered others as n
result of his initial or aubscquent seizures,

Interval Between First and Second Evalu.
ations.—Seventy-seven percent ot the 49 pa-
tients with a second seizure returned. wnthm
one year of their initial evaluation; 26
(53%) returned within six months; and an
additional 12 (24%) returned dunng the
second six-month period. Six seizure pa-
tients returned during the second year and
one returned during the third year. There
was no sigrificant differcnce in time interval
between first .and ‘second seizure for. the
seizure disorder, psychiatric, and neurologi-
cal groups, (Three patients have reported a
major motor seizure since the termination of
the three-year study, Two occurred five
years after and one six years after the first
seizure.)

Diagnostic Factors.~This analysis used
the findings from the first examination to
obtain criteria that would identify those pa-
tients who would have a second seizure and
to determine if these predictors differed with
respect to the final diagnosis. (A detailed
analysis of the findings from the first exami-
nation and of the statisticnl analysis used in
obtaining the dingnostic criterin can be ob-
tained from the first author.) Because of the
small number, the one syncope patient and
the four neurological patients were wot in-
cluded. Through use of discriminating-func-
tion analysis, weights were computed fer
each varinble reflecting their contributions
to the final dingnosis. Because of the large
number of possible predictors (472), ran-
domly chosen analysis and cross-validation
samples were used for this annlysis.® In ench
sample, there were 15 seizure disorders, sev-
en psychiatric disorders, and 14 undi.
agnosed patients.

After several analyses, only three vari-
ables were found to be relinble predictors of
the eventual dingnosis and were solected for
use on the cross-validation sample. The re.
sulis on the cross-validation sample for

thege -three variables ware also significant,
‘P'< 02, Theae Variables. were the following:
(1) sverage of: the ratings, on a five-point
scale -from “definitely yes” to “definitely
no,” by the three mexlical officers (two nel-
rologists -and” one psychintnst) as to tlie
presence of a true seizure, ie, a selzure
with. loss of consciousness and with motor
involvement; (2) clectroencephalographic
classification as to degree of- abnormality;
and (3). presence of posticisl confusion or
disorientation, or both, 'Wkile all the inter-
corrélations. among- these three variables
were positive, only the correlation-between
rating. of true seizure -and electroenceph-
alographic classification wus significant, r
= 27, P < 05,

The EECs were classified as mild{y, mod-
erately, -or markedly abnormal. Electroen-

.cephalographic records with spike-wave
.complexes-or-bursts of-delta-waves-of -more

than 60uv were classified as showing marked
abnormality, grade 3. Records with either
generalized or focal theta bursts, sharp
waves or paroxysms of more than 30uv were
called moderately abnormal, grade 2. Rec-
ords with rthythmic or arrhythmic activity,
either generalized or focal and of less than
30,v, were called minimaily abnormal. Only
the records with spikes or spike and slow-
wave discharges significantly differentinted
the groups. Spike or spike and slow-wave
discharges were found in 439, of the pa-
tients with seizure disorder and in 119 of
the undingnosed patients, but no psychiatric
patient’s record contained spike-wave dis-
charges. One nourological patient’s EEG
contained spikes during a clinical seizure,
but all of his interictal records were normal.
One neurological patiert had a slow-wave
focus, and two patients’ records were ali
normal on first admission. The syncope pa-
tient’s record was normal,

Ten (339, of the 3u patients with a
seizure disorder had all three signs, ie, a
rating of a true seizure, an EEG with spike
and wave complexes, and postictal confu-
sion, on their first admission. The presence
of two signs occurred in 16 (53%), and
three of the patienis (10%) had one of the
three slgns. One patient with a seizure disor-
der (0.039,) had none of the three predictor
variables on his first admission.

Only one of the 28 undingnosed patients

Arch Neurol—Vol 27, Sept 1972
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‘Selzure Index Scores

Sample

Analysis  Cress-Validation

Final Diagnesis Mean SD‘ /'mnn $D

Seizure disorder 8.82 2.47 870 1.66

Undiagnosed 646 2.21 6.58 1,94

_Psychlatrlc 3.98 1.74 4.18 1.92

(4%) had all three signs at first admission;
nine (32.0% )-had two signs; 13 (46%) had
one of the signs, and 5 (18%) did not have
any of the diagnostic variables.

None of the patients diagnosed as having
a psychiatric disorder on their second ad-
mission had all three abnormal signs on
their first admission. One of the 14 (7%)

_had two signs, one (7%) had-one sign, but
12 (869%) did not hiave any of the dingnostic
sariphles,

The presence of only ome of the three
diagnostic variables did not significantly
predict a second seizvre of epileptic origin,
but if all three wers present in the same
patier t, the odds were extremely high
(95%) that he would return and be given a
fiagnosia of seizure disorder. Sixty-seven
vercent of the seizure patients, however, did
not have &ll three predictors on their first
evaluation, If a physician refused to make a
seizure diagnosis unless all three signs were
present, he wolld make a false-positive di-
agnosis only 4%, of the time, but his false-
negative rate would be 67%. Even though
two or more signs occurred in 869 of the
seizure patients, a elinician requiring two
signs would make a false-positive dirgnosis
of seizure disorder in 439, of his patients,
since 36%, of the undiagnosed patients and
79% of the psychiatric patients had at least
two signs.

The twn signs that occurred together were
(1) a positive rating as to the presence of a
major motor seizure and (2) either an EEG
with spike-wuve aclivity or confusion or
disoricntation, or both. The Intter two ¢
curred with a positive rating as to true
seizure in about equal proportion, but
spike-wave electroencephalogeaphic aciivity
and confusion and dlsorientation never oc-
curred with a low rating (one, two, or thre«
on a five-point scale) as to the presence of a
major motor seizure.

By use of the discriminant weights. ob-
tained from the analysis simple for each of
the three predictor variables,.a Seizure In-
dex Score was obtained for each:patient,

The mean Seizure Index-Scores and stan-
dard deviations for the analysis and cross-
validation-samples are presenied in the Ta-
ble. The differerices between the three group
means were- significant at the .02 level or
better for both the.analysis and cross-vglida-
tion samples. The:mean score for the four
neusological patients was 5.75 = 2.27. (The
discriminant weights; compuiing examples,
and cutting scores for the Seizure -Index
Scale ~an be obtained from the first author.)

Comment

Our findit:g that only 35% of our patients
were dingnosed #3 having seizure disorders
is consistont witn the view of many that a
single convulsicn may not be the first meni-
festation of recurring epileptic seizures. Ouz
results also show that it is very difficult to
make a valid prediction of second szizures
and fina) diagnosis from the firsl examina-
tion of ndult patients, Personal-history ques-
tionnaires, psychiatric interviews, and neu-
rological exuminations revealed that the
psychiatric patient usuelly showed positive
psychiatric and psychological data and non-
contributory naurological and electroonceph-
alographic findings. The difficult dingnostie
problem was that of separating those pa-
tients who had a second scizure the® was
considered to be cpileptic in origin from
those who had no second seizyre. Only the
type of initial seizure, the clectroenceph-
alographic classification, and postictal con-
fusion and disorientation were found to be
useful predictors.

While all three predictor variables were
positively correlated, only the correlation
between clinical rating as to the presence of
a true seizure and the eclectroenceph-
alographie class- feation was significant; but,
in this instonco, the common variance was
only 7.3%. fach variable thus contributed
uniquely to the diagnostie prediction. These
three measures may be likened to sublests
on an intelligence seale. They correlate posi-
tively with ench other, cach contributes sig-
nificantly to the finai prediction, but no
single variable is sufficient for relinble pre-
diction.

Arch Neurol—Vol 27, Sept 1972
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By excluding:the few patients with known
ob\'iously re
moved a population of pgtienis who could
reaxonably be.expecied o have second sei-
zures, These patients gcnerally do not pose
a dingnostic problem,-and it was not feasiblg

to include patients with diagnosed cerebral

lesions-in this study, as our patients.were to
receive no treatment after their first exami-
nntion.JOur goal, thus, was not to study all
patients with initial seizures, but only ‘those
patients -where no cause for their seizures
could be determined and, $herefore, pose n
difticult dingnostic and treatment problem.
While the clinician- is always concerned
over-the possibility that n single seizure in
adults is the first evidence-of progressive
brain damage by tumorg, vascular diséase,
ar degenerative discase, several stu&!es haye
sthown-that these convulsions are not neas-
sarily associated with rorebral lesionst~
Four of our 77 patients were given a neuro-
logical dingnosis following their sccond sei-
zure, No neoplasms were Jound. Raynor ¢t
al? found that the statistieal probability of
tumor was considerably increased by (1) the
presence of abnorimal neuralagical signs; (2)
focal electroencephalographic abnormalitios;
(3) foeal character of clinical seizures; and
(4) initial onsct of seizures after the agoe of
509 Except for two patients who showed
focal temporal lobe spikes and one with
focal motor seizures, our pationts had none
of these signs or characleristics. Tt is entirely
possible, though, that some of our patients
may yet be found to have structural prob-
loms, but each year that passes without n
gecond seizure or other symploma decreases
the probability that the initinl selatire was
due to such an undiagnosed organie prob.

197

7°m, In a questionnaire &tydy of-the ting

ime?val -between first selziives and othey
clinical aikrﬁxﬁ :begin - reoplisme, Doa;lm’

found physicians ¥sporting- 5)005&@4‘15 oy

long as 20'years follamng a first seizvre, Bt
50% of the: ‘neoplasms were found within
three years of the first -seizure, Thirly per-
cext' were found in the first year, There werg
no data as to the number of seizures in each
patient before the diagnosis of a neoplasm
was made,

The fact that two of our patients had
selzures five years after and one, patient six
years affer their first one indicates that
other patients who were naver given a medi-
cal diagnosis may yet have a second seizure,
(One of the patients had two. diagnoetic
signs -and two had no predictors on first
admission) Wo do not belleve that many of

the rematning pationts. have had o second

selz-ta-for-we wpidd-hava been contacted.
For patients no longer in the military ser-
vice, our records will nssist them dn s-pplying
for Veterans Administration disanilite -
ings, Our recurds are available to yationds
still in the service, Of the fhewe pnfionts
with known seizures after the three-year
follow-up study, one was a civilian ard {wo
were still in tho service. I all instances, our
findings were requesied with the patient's
consent. The question asked by the physi-
cinn of one of the patients in the service is
perhaps pertinent, Should a patient who has
a second sefzure after five years, induced by
the snme precipitating event (aleep losg),
with a normal EEG be given n diagnosis of
seizuro disorder nnd given anticonvulsant
medication?

This Investigation waa supported by the Jureou

of Medicine and Surgery under Task M4305.07-
S00IDAAS,
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