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Summary: Seizures that cause loss of consciousness 
(LOC) can be classified as epileptic or nonepileptic based 
on evaluation of ictal semiology and analysis of changes 
in EEG events, recorded with continuous scalp EEG and 
video monitoring. We report 3 patients who had hippo- 
campal electrographic seizures documented with intra- 
cranial EEG recording with no accompanying scalp EEG 

change immediately preceding psychogenic unrespon- 
siveness. Each patient also had complex partial seizures 
(CPS) originating in the hippocampus. Some individuals 
can have complex interactions of epileptic and nonepilep- 
tic seizures. Key Words: Temporal lobe epilepsy- 
Nonepileptic seizure-Pseudoseizure-Complex partial 
seizure. 

Closed-circuit television EEG (CCTV-EEG) 
monitoring with scalp electrodes has been used ex- 
tensively to distinguish epileptic and nonepileptic 
seizures (1-10). Unchanged, adequately recorded 
scalp EEG during transient unconsciousness sup- 
ports a diagnosis of nonepileptic seizure in the ab- 
sence of evidence for frontal lobe seizures or severe 
widespread interictal cerebral dysfunction. 

Gumnit and Gates (1 1) hypothesized that a partial 
seizure which remains confined to a small part of 
the brain and has no scalp EEG representation may 
trigger a nonepileptic seizure. These events should 
be detectable with intracranial EEG recording, but 
no examples of this hypothesized phenomenon 
have been documented with simultaneous intracra- 
nial and scalp EEG and video recording. We now 
report 3 patients who demonstrated this phenome- 
non during intracranial monitoring. 

CASE REPORTS 

We reviewed 50 consecutive intracranial EEG 
monitoring procedures performed in patients with 
medically refractory complex partial seizures (CPS) 
to detect events of unresponsiveness not associated 
with simultaneous electrographic seizure activity. 
Three patients had electrographic seizures re- 
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stricted to one hippocampus and the adjacent tem- 
poral pole without accompanying changes on scalp 
EEG that preceded unresponsiveness. 

The patients were evaluated according to the 
University of Michigan epilepsy surgery protocols 
(12). Depth electrodes with eight contacts (1-cm 
spacing between contacts) were placed stereotax- 
ally under magnetic resonance imaging guidance in 
mesial temporal structures bilaterally by a postero- 
anterior approach (passing through the hippocam- 
pus to the amygdala) to record intracranial EEG. 
Patients 2 and 3 also had six-contact depth elec- 
trodes placed in mesial frontal structures by a su- 
peroinferior approach (passing through the anterior 
cingulate gyrus to the gyrus rectus). In addition, six 
subdural electrode strips, each with four contacts, 
were placed bilaterally and symmetrically, one each 
over inferotemporal, anterolaterotemporal and dor- 
solaterofrontal regions. Scalp EEG was recorded 
from electrodes placed according to the Interna- 
tional 10-20 system in each patient. 

Interictal scalp EEG showed unilateral or bilat- 
eral temporal slowing and epileptiform discharges 
in each patient; there were no extratemporal abnor- 
malities. Before intracranial monitoring, scalp EEG 
video-monitoring had demonstrated ictal EEG dis- 
charges during every seizure that involved uncon- 
sciousness. Each patient underwent anterior tem- 
poral lobectomy after monitoring. All 3 had hippo- 
campal sclerosis on histopathologic examination 
and have remained free of CPS for > 1 year postop- 
eratively. 
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Case 1 
A 22-year-old woman whose epilepsy was caused 

by pneumococcal meningitis at age 7 months had 
seizure onset at age 15 years. CPS began with an 
epigastric sensation and an illusion of increased dis- 
tance from her visual and auditory environment. 
Neurological examination was normal. Verbal I.Q. 
(VIQ) was 89 and performance I.Q. (PIQ) was 109 
(Wechsler Adult Intelligence Scale-Revised). She 
had evidence of nonpsychotic depression on the 
clinical interview and the Minnesota Multiphasic 
Personality Inventory (MMPI). 

After several days of intracranial monitoring, the 
patient began to express great anxiety over the lo- 
calization studies and her potential for resective 
surgery. She reported concentrating hard on each 
aura in hopes of obtaining diagnostically useful sei- 
zure activity. On the sixth day of monitoring, the 
patient had a right hippocampal electrographic sei- 
zure lasting 99 s.  There was no change in EEG ac- 
tivity at other intracranial or scalp electrodes. 
Three seconds after the onset of the electrographic 
seizure, the patient reported an aura and then be- 
came motionless with eyes open. After the ictal 
electrographic discharge ended, the patient did not 
respond to verbal and tactile stimuli for 5 min 26 s.  
During this episode, a neurologist noted flaccidity, 
no abnormal movements, and no response to nox- 
ious stimuli. After resolution of the electrographic 
and behavioral changes, the patient could not recall 
any events during this spell. Her parents confirmed 
that the behavior during this event did not resemble 
that of her habitual seizures. 
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She had six CPS captured with intracranial elec- 
trodes. These seizures began with her typical aura 
and exclusively right hippocampal electrographic 
seizure activity, followed by S60 s altered con- 
sciousness and repetitive masticatory and hand 
movements for which she subsequently was amne- 
sic. These CPS accompanied electrographic seizure 
activity involving multiple sites bilaterally. 

She had 37 electrographic seizures confined to 
the right hippocampus which were either subclinical 
or were reported only as auras. Behavior during 
several of these restricted hippocampal seizures 
was tested by a neurologist or other trained person- 
nel. None of the unpropagated hippocampal sei- 
zures was associated with altered consciousness or 
change in behavior except for a report of an aura. 

Case 2 
In a 21-year-old woman, CPS had onset at age 11 

months after multiple febrile convulsions. CPS be- 
gan with an aura of “difficult-to-describe” dizzi- 
ness. Neurological examination was normal. VIQ 
was 88 and PIQ was 74. She was anxious and mildly 
depressed. Results of the MMPI were normal ex- 
cept for evidence of an unusually high energy level 
and mild social isolation. 

Despite discontinuation of antiepileptic drugs, 
the patient did not have seizures for many days af- 
ter intracranial electrode implantation; she became 
deeply discouraged and expressed fears that epi- 
lepsy surgery would never occur. On the thirteenth 
day of monitoring, the patient stopped eating and 
leaned back as an electrographic seizure evolved 
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FIG. 1. Electroencephalographic recording during and after a right hippocampal electrographic seizure and unresponsiveness 
in patient 1. LT, RT, LI, RI, left hippocampal, right hippocampal, left inferotemporal, and right inferotemporal electrodes, 
respectively. The lower 16 channels show simultaneous scalp-recorded electrographic activity from electrodes labeled accord- 
ing to the International 10-20 system. A: lnterictal activity at 5 s before ictal onset. B: Onset of a right hippocampal electrographic 
seizure. C: End of the electrographic discharge. D: Sample showing interictal activities including alpha activity over posterior 
head region while the patient remains unresponsive. B and C are separated by 90 s, and C and D are separated by 120 s. 
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from the left hippocampus, lasting 30 s and not in- 
volving other recording sites. She remained motion- 
less and unresponsive to her mother’s questioning 
for 60 s after the electrographic seizure. While she 
was unresponsive, her mother gave her a phrase to 
remember. Later, when normal she was unable to 
recall or recognize the phrase, nor could she re- 
member other events during the spell. Her mother 
indicated that this event did not resemble any of the 
seizures she had previously witnessed. 

Intracranial monitoring recorded five CPS . Each 
began with her typical aura and was associated with 
an exclusively left hippocampal electrographic sei- 
zure discharge, followed by a brief period ( ~ 5 0  s) of 
unconsciousness and nonstereotyped automatisms 
involving all limbs. During these CPS, electro- 
graphic seizure activity was present bilaterally both 
in temporal depth and subdural electrodes as well as 
in frontal electrodes. After resolution of postictal 
EEG slowing and behavioral changes, she remained 
amnesic for events that occurred when ictal dis- 
charges spread bilaterally. 

She also had 34 electrographic seizures confined 
to the left hippocampus without propagation to 
other electrodes which were either subclinical or 
were reported only as auras. These unpropagated 
hippocampal seizures, during several of which de- 
tailed testing was performed, were not associated 
with decreased responsiveness or  behavioral 
change. 

Case 3 
A 34-year-old woman had onset of CPS at age 17 

years, 2 years after an episode of hypotension 
caused by a drug overdose. CPS began with an aura 
of dkja-vu experience and micropsia. Neurological 
examination was normal. VIQ was 84 and PIQ was 
85.  MMPI results were normal. Psychosocial as- 
sessment showed poor adjustment to her epilepsy, 
chronic anxiety and irritability, and a remote his- 
tory of suicidal depression. 

The patient tolerated the discomfort of intracra- 
nial electrode placement poorly, with increasing ex- 
pressions of hopelessness and anger. On the fifth 
day of monitoring she awakened from sleep 28 s 
after onset of a left hippocampal seizure and re- 
ported an aura. The seizure lasted another 20 s and 
remained confined to the left hippocampus and tem- 
poral pole, but the scalp EEG showed no changes. 
The patient was motionless and unresponsive to 
touch and questions for 40 s after the electrographic 
seizure ended. Her spouse asked her to remember a 
phrase during this period, but once she was respon- 
sive she could not recall or recognize this phrase. 

Her spouse had not previously observed similar be- 
haviors. 

During intracranial monitoring she had eight 
CPS. Each began with a typical aura occurring with 
an exclusively right hippocampal electrographic sei- 
zure discharge, with unresponsiveness lasting < 1 
min, early nonsense speech and, later, repetitive 
masticatory movements. During unresponsiveness, 
the electrographic seizure activity involved tempo- 
ral and frontal electrodes bilaterally. After resolu- 
tion of postictal electrographic slowing and behav- 
ioral changes, she remained amnesic for events dur- 
ing bihemispheric electrographic discharges. 

She also had 145 unilateral hippocampal electro- 
graphic seizures which did not propagate to other 
electrodes and were either subclinical or were re- 
ported only as auras. During many of the unpropa- 
gated seizures, her behavior was tested and was 
never altered. 

DISCUSSION 

We conclude that highly localized electrographic 
partial seizures can trigger an immediate nonepilep- 
tic alteration in behavior during which the patient is 
unresponsive. There were no changes from baseline 
in scalp EEG activity during the epileptic and non- 
epileptic portions of these events. These spells did 
not suggest syncope or any other nonpsychogenic 
cause of unconsciousness. Each event occurred in 
an individual predisposed to psychological dysfunc- 
tion. Each occurred in the setting of emotional dis- 
tress. We believe that these events of nonepileptic 
unresponsiveness in each case represent psy- 
chogenic elaboration of a simple partial seizure 
(SPS). 

There are several reasons to believe that our pa- 
tients’ unpropagated focal hippocampal electro- 
graphic seizures did not in themselves cause LOC. 
There was no evidence of seizure propagation be- 
yond the hippocampus and temporal pole unilater- 
ally. Specifically, ipsilateral frontal lobes and con- 
tralateral frontal or temporal lobes were not in- 
volved. Furthermore, each patient had many 
electrographic seizures that remained localized to 
these structures, with only an aura as a clinical 
manifestation or with no clinical accompaniment of 
the electrographic seizure. Two of our patients later 
reported the occurrence of the habitual aura during 
the highly focal electrographic seizure that pre- 
ceded the psychogenic unconsciousness. Gloor (13) 
suggested that “impairment” of consciousness dur- 
ing a seizure may represent a peculiar motivational- 
attentional state in which patients are so absorbed 
in an experiential hallucination that they are obliv- 
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ious to stimuli unrelated to the momentarily prevail- 
ing focus of attention. Our patients did not report 
experiencing intense concentration on their auras 
during these events, however. 

Gloor has suggested that LOC in temporal lobe 
seizures can occur during unilateral temporal dis- 
charges (14). He based his view on early observa- 
tions made in patients with continuously recorded 
intracranial EEG but no video-monitoring. No de- 
tails of cognitive testing were presented. Theoreti- 
cally, unilateral hippocampal discharge may spread 
to the brainstem and cause LOC. Functional map- 
pings of hippocampal seizures in experimental ani- 
mals (15) show that substantia nigra was activated 
only during severe limbic seizures, with concurrent 
activation of hippocampus bilaterally and thalamus. 
When hippocampal seizures were unilateral, there 
was no activation of substantia nigra. Unfortu- 
nately, replication of these studies in humans would 
require electrodes implanted in sites for which there 
is no current clinical indication. In a review, Gloor 
(13) called for detailed observations, similar to 
those we describe, to investigate the relationship 
between partial seizures and consciousness in hu- 
mans. 

In our 3 patients, scalp EEG remained unchanged 
during episodes of unconsciousness. Some CPS of 
frontal origin reportedly have no scalp EEG repre- 
sentation (16,17) but, for several reasons, we doubt 
that any of our patients had such seizures. First, 2 
of our patients had concurrent intracerebral record- 
ing of frontal lobe activity which showed no ictal 
discharge. Second, the semiology of the events did 
not suggest mesial frontal or orbitofrontal onset sei- 
zures in any patient. Finally, each patient became 
seizure-free after temporal lobectomy, which 
strongly supports a diagnosis of temporal lobe epi- 
lepsy. 

According to Klass (18): “Most authors agree 
that EEG abnormalities are widespread, and prob- 
ably involve diencephalic structures when con- 
sciousness is lost and when ictal automatism oc- 
curs.” However, previous studies have docu- 
mented occurrence of partial seizures without scalp 
ictal EEG discharges. In study of clinical and EEG 
manifestations of pentylenetetrazol-induced sei- 
zures (19), no changes in ictal EEG were reported in 
18% of seizures. Devinsky et al. (20) reported that 
only 21% of SPS had an associated ictal EEG 
change. Other investigators have also confirmed 
that SPS and subclinical seizures usually do not 
have scalp EEG representation (21,22). Walczak et 
al. (23) reported absence of scaIp EEG ictal changes 
during 6 of 119 recorded CPS of temporal lobe ori- 
gin. Whether these six clinical seizures were asso- 

ciated with EEG changes such as arrhythmic slow- 
ing or other changes from the baseline EEG of the 
type that did not constitute definite electrographic 
seizure activity is not clear. 

Our descriptions of seizures that we consider 
psychogenically elaborated differ from other de- 
scriptions of temporal lobe seizures without scalp 
ictal EEG changes. We required that no scalp EEG 
changes of any kind occur during psychogenically 
elaborated events. In each case, we determined that 
the patient was amnesic for the event and mani- 
fested behavioral changes during psychogenically 
elaborated events that were atypical for the pa- 
tient’s habitual seizure. Finally, we also performed 
intracerebral and subdural recordings simulta- 
neously with the scalp EEG recordings of these 
events. 

Seizures that cause LOC can be classified as ep- 
ileptic or nonepileptic by continuous scalp CCTV- 
EEG monitoring, based in part on changes in scalp 
electrographic activity during epileptic events and 
absence of such a change during nonepileptic 
events. This tenet has widespread application in 
CCTV-EEG monitoring units for distinguishing be- 
tween epileptic seizures and nonepileptic seizures 
when LOC has clearly been demonstrated in a spell 
(10). There may be exceptions to this rule, such as 
CPS arising from orbital frontal or mesial frontal 
cortex (described herein). Our observations gener- 
ally support this tenet, but indicate that some 
events with LOC and no change in scalp EEG may 
include both epileptic and nonepileptic compo- 
nents. These atypical spells were semiologically 
distinct from each patient’s habitual CPS. Care 
must be taken to record the patient’s typical spells 
when a distinction between epileptic and nonepilep- 
tic seizures is sought in a laboratory setting (10,24). 
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