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Safety of Long-term Video-Electroencephalographic Monitoring
for Evaluation of Epilepsy

ORIGINAL ARTICLE

KATHERINE H. NOE, MD, PHD, AND JOSEPH F. DRAZKOWSKI, MD

OBJECTIVE: To determine the rate of medical complications from
long-term video-electroencephalographic (EEG) monitoring for
epilepsy.

PATIENTS AND METHODS: We reviewed the medical records of
428 consecutive adult patients with epilepsy who were admitted
for diagnostic scalp video-EEG monitoring at Mayo Clinic’s site in
Arizona from January 1, 2005, to December 31, 2006; 149 met
inclusion criteria for the study. Seizure number and type as well as
timing and presence of seizure-related adverse outcomes were
noted.

RESULTS: Of the 149 adult patients included in the study, seizure
clusters occurred in 35 (23%); 752 seizures were recorded. The
mean time to first seizure was 2 days, with a mean length of stay
of 5 days. Among these  patients, there was 1 episode of status
epilepticus, 3 potentially serious electrocardiographic abnormali-
ties, 2 cases of postictal psychosis, and 4 vertebral compression
fractures during a generalized convulsion, representing 11% of
patients with a recorded generalized tonic-clonic seizure. No
deaths, transfers to the intensive care unit, falls, dental injuries,
or pulmonary complications were recorded. An adverse event
requiring intervention or interfering with normal activity occurred
in 21% of these patients. Length of stay was not affected by
occurrence of adverse events.

CONCLUSION: Prolonged video-EEG monitoring is an acceptably
safe procedure. Adverse events occur but need not result in
substantial morbidity or increase length of hospitalization. Appro-
priate precautions must be in place to prevent falls and promptly
detect and treat seizure clusters, status epilepticus, serious elec-
trocardiographic abnormalities, psychosis, and fractures.
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Inpatient video-electroencephalographic (EEG) monitor-
ing is a valuable tool for diagnosis of recurrent spells,

epilepsy classification, and evaluation for epilepsy surgery
in patients with intractable partial epilepsy. The yield of
video-EEG monitoring is highly dependent on the record-
ing of seizures. To increase the likelihood of capturing
events in a timely fashion, it is standard practice to use
activating procedures such as reduction of antiepileptic
drugs, sleep deprivation, hyperventilation, and photic
stimulation. With these provocative maneuvers, patients
may experience seizures of greater frequency and/or sever-
ity than their norm, potentially increasing risk of seizure-
related injury. A recent widely publicized death during
video-EEG monitoring has raised awareness among neu-
rologists and the general public of the risks inherent in
video-EEG monitoring.1,2

Persons with epilepsy are at greater risk of accidental
injury and death than the general population.3-5 Although
this greater risk in part reflects underlying or comorbid
medical conditions, between one-fourth and one-third of
reported injuries are the direct result of seizures or seizure-
related falls. In population-based studies, commonly de-
scribed seizure-related traumas include head injuries, soft
tissue injuries, dental injuries, fractures, burns, drowning,
and motor vehicle crashes.5 However, surprisingly little is
known about the frequency of these complications during
video-EEG monitoring. The risk of harm from seizures in
the inpatient setting could be lower than
in the community because safety pre-
cautions can be in place to address in-
creased seizure activity and to avoid
falls. Furthermore, many potentially
dangerous situations faced in daily life, such as driving,
cooking, bathing, and swimming, are of course absent in
the hospital setting.

The increased rates of morbidity and mortality in per-
sons with epilepsy argue for the use of diagnostic video-
EEG monitoring to potentially improve diagnosis and
treatment and thereby minimize future injury. However,
the lack of information on risks inherent in video-EEG
monitoring may make it more difficult to counsel patients
considering admission for epilepsy monitoring and to ob-
tain their informed consent. Furthermore, the lack of
benchmark information hinders the assessment of the ad-
equacy and efficacy of safety measures used in epilepsy
monitoring units (EMUs), which are not currently stan-
dardized.6 Our study sought to determine the frequency of
prolonged or severe seizures and seizure-related injuries in
patients undergoing diagnostic video-EEG monitoring at a
tertiary epilepsy referral center.

PATIENTS AND METHODS

After approval by the Mayo Clinic Institutional Review
Board, the records of all consecutive adult patients admit-
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ted for video-EEG monitoring at Mayo Clinic’s site in
Arizona from January 1, 2005, to December 31, 2006, were
reviewed. Only patients admitted with a diagnosis of recur-
rent spells of indeterminate etiology or for a presurgical
evaluation and with a final discharge diagnosis of partial or
generalized epilepsy were included. Pediatric patients
were excluded. Patients with both epilepsy and psychogenic
nonepileptic seizures were included, but only their recorded
epileptic seizures were used in the analysis. Patients with
exclusively psychogenic nonepileptic events or who had
undergone intracranial EEG studies were excluded. Simple
partial seizures, complex partial seizures (CPSs), and pri-
mary and secondary generalized tonic-clonic (GTC) sei-
zures were analyzed. Absence (petit mal), myoclonic, and
psychogenic nonepileptic seizures were not included in
the analysis. The number, type, and timing of recorded
seizures were determined from the hospital record, as was
the presence of seizure-related adverse outcomes, includ-
ing development of seizure cluster or status epilepticus,
postictal psychosis, falls, orthopedic injury, aspiration
pneumonia, pulmonary edema, cardiac arrest, or any
complication requiring transfer to an intensive care unit.
Seizures were defined by the presence of both clinical
symptoms and electrographic activity. Seizure clusters
were defined as 3 or more CPSs or GTC seizures in a 4-
hour or 24-hour period. Simple partial seizures were not
included in the cluster analysis. Prolonged seizures were
defined as those lasting between 5 and 30 minutes. Status
epilepticus was defined as seizure activity lasting more
than 30 minutes. Statistical comparisons were performed
using the Fisher exact test for categorical variables and
the 2-tailed t test for continuous variables. Statistical sig-
nificance was set at P<.05.

The EMU at Mayo Clinic’s site in Arizona is a 6-bed unit
integrated into the general neurology floor. As such, an
unused bed designated for the EMU can be made available to
other patients. The unit is staffed by nurses with specialized
training who have passed EMU-specific competencies.
Three full-time board-certified staff epileptologists rotate
through the EMU with 1 full-time fellow. Four board-certi-
fied EEG technologists are responsible for the technical
aspects of the EMU in addition to other hospital duties and
are on call 24 hours a day. At Mayo Clinic’s site in Arizona,
standard safety precautions in 2005-2006 included 24-hour
continuous observation of both live video and EEG monitor-
ing by a trained technologist for all patients admitted to the
EMU. Live visual EEG review by the technologist is
supplemented by computerized real-time seizure and spike
detection software. When events are noted, the technolo-
gist triggers an audible and visible alarm to activate nursing
response. Registered nurses with specific EMU competen-
cies provide 24-hour coverage with a maximum patient-to-

nurse ratio of 4:1. Nursing staff provide bedside care and test
neurologic function during the ictal and postictal period per
standardized protocols. All video-EEG recordings include a
single-channel electrocardiogram (ECG) monitor. Indepen-
dently monitored formal cardiac telemetry and monitoring of
pulse oximetry are available at physician discretion. Further
safety measures include specialized padded bed railings, a
voluntary safety belt while in bed, and nurse-supervised
limited patient mobility while out of bed. Antiepileptic
medications are tapered or discontinued on a case-by-case
basis according to physician judgment, not per protocol.
Usual practice is tapering of medication during the course of
several days. Standard admission orders include a rescue
oral or intravenous benzodiazepine for a prolonged (>10
minutes) GTC seizure and for clusters of 2 GTC seizures or 4
CPSs in 24 hours, unless a specific contraindication is identi-
fied. Intravenous access is secured at the time of admission.
Standard orders also include notifying physicians of these
events and of falls. A staff epileptologist, who is present
during standard business hours and is on call 24 hours a day,
reviews video-EEG recordings daily.

RESULTS

In 2005 and 2006, 428 patients were admitted for video-
EEG monitoring. The indication for admission was recur-
rent spells of indeterminate etiology in 24 patients (56%)
and presurgical evaluation of medically intractable epi-
lepsy in 105 (25%). The discharge diagnosis was partial
epilepsy in 188 patients (44%), generalized epilepsy in 33
(8%), pure psychogenic nonepileptic seizure in 103 (24%),
and mixed epileptic and psychogenic seizure in 13 (3%).
The 13 patients (3%) admitted for treatment of preexisting
partial status epilepticus were excluded from further analy-
sis. Eighteen patients (4%) had physiologic events unre-
lated to epilepsy (eg, symptomatic hypoglycemia, rapid
eye movement sleep disorder, basilar migraine). Sixty ad-
missions (14%) were nondiagnostic because of failure to
record a typical event.

A total of 149 admitted patients met the criteria for inclu-
sion in this study. Age ranged from 18 to 88 years, with a
median of 44 years. Men (74 [49.7%]) and women (75
[50.3%]) were equally represented. Of the 149 study pa-
tients, 59 (40%) were referred for recurrent spells of indeter-
minate etiology and 90 (60%) for presurgical evaluation. On
the basis of the discharge diagnosis after video-EEG moni-
toring, 124 patients (83%) had partial epilepsy, 12 (8%) had
generalized epilepsy, and 13 (9%) had mixed epileptic and
psychogenic seizures. Length of stay ranged from 2.0 to 18.0
days, with a mean of 5.7 days.

Seizures were recorded in 109 (73%) of the study pa-
tients.  For these 109 patients, mean time to first seizure
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was 2.09 days (95% confidence interval, 1.70-2.48 days;
range, 1-14 days). In total, 752 seizures were recorded. The
mean ± SE number of seizures per person was 6.89±1.49 in
those with recorded events and 5.04±1.11 in all 149 study
patients. Details on seizure type are summarized in the
Table.  Of the 36 patients with a recorded GTC seizure, 35
(97%) reported it as a habitual seizure type. The remaining
patient had a history of a single GTC seizure that was the
presenting seizure, with subsequent continued partial sei-
zures refractory to medication.

Twenty-four hour seizure clusters occurred in 35 (23%)
of the included admissions and in 35 (32%) of the 109
patients in whom seizures were recorded, whereas 4-hour
seizure clusters occurred in only 14 admissions (9%), rep-
resenting 13% (14/109) of those with recorded seizures.
Clusters were not predicted by the presence of a GTC
seizure (P=.65 for 24-hour clusters; P=.19 for 4-hour clus-
ters; Fisher exact test). Of the 52 clusters, 13 (25%) were
treated with a rescue medication, 10 (19%) with intrave-
nous benzodiazepine, and 3 (6%) with an intravenous
antiepileptic medication. The remaining patients required
no intervention.

Unusually prolonged seizures were very rare, occurring
in only 2 of the admitted patients. Status epilepticus (partial
complex) occurred in 1 patient and responded to treatment
with an intravenous benzodiazepine. The second prolonged
seizure was a GTC seizure lasting between 5 and 30 min-
utes that terminated with administration of an intravenous
antiepileptic drug.

Seizure-related injuries were also rare. No patient re-
quired intubation, cardiopulmonary resuscitation, or
transfer to the intensive care unit. No deaths occurred.
There were no falls, dental injuries, or lacerations (other
than occasional minor tongue lacerations sustained during
convulsive seizure activity). Three (2.75%) of the 109
patients with recorded seizures were found to have poten-
tially serious cardiac abnormalities during the peri-ictal
period; all had inpatient cardiology consultation. One pa-
tient had ictal asystole that was subsequently treated with
an implanted cardiac pacemaker. The second had a brief
ventricular tachycardia that resolved spontaneously and
required no intervention. The third had acute ST-segment

depression that rapidly resolved and required no interven-
tion. No complications of aspiration pneumonia or neuro-
genic pulmonary edema were noted. Psychotic symptoms
were exhibited by 2 patients after seizure activity: one
after a single GTC seizure in a patient with a history of
postictal psychosis and the second after a seizure cluster
with 3 CPSs and 1 GTC seizure. In the latter case, it was
unclear whether the psychosis was a reaction to seizure or
to administration of intravenous levetiracetam for treat-
ment of the cluster. In both cases, the psychosis resolved
without intervention and did not delay hospital discharge.
Orthopedic injuries occurred in 4 (3.7%) of the patients
with recorded seizures. All were vertebral compression
fractures presenting with acute thoracic back pain that
developed after a GTC seizure. Of the 70 recorded GTC
seizures in this series, 4 (5.7%) led to a recognized verte-
bral fracture. The patients with vertebral compression
fractures all had intractable partial epilepsy treated with
long-term anticonvulsant medication (11-45 years). Two
had been previously evaluated for antiepileptic drug-in-
duced bone disease and were known to have osteopenia as
determined by dual-energy x-ray absorptiometry for
which they were receiving prophylactic calcium and vita-
min D supplementation. The other 2 were found to have
osteopenia by dual-energy x-ray absorptiometry after dis-
charge. One of these was receiving prophylactic calcium
and vitamin D supplementation before hospital admis-
sion. Two of the four were found to have underlying
chronic compression fractures as well. All 4 required
narcotic pain medication beyond hospital discharge. No
other fracture types and no shoulder or hip dislocations
were reported.

Overall, 21 (14%) of the 149 admitted patients whose
records were reviewed and 21 (19%) of  the 109 patients
with a recorded seizure had an adverse event of at least
moderate severity, defined as requiring medical treatment
or interfering with normal activity. No difference was
noted in length of stay between those with and without a
complication (P=.22; t test).

DISCUSSION

Successful diagnostic video-EEG monitoring requires a
balance between seizure-associated risk and the need to
gain diagnostic information in a timely fashion. Our find-
ings of a mean time from admission to seizure activity of 2
days and a mean total length of stay of 5 to 6 days are in line
with those of earlier reports on outcome of video-EEG
monitoring.7-9 Procedures to increase the likelihood of re-
cording seizures, such as sleep deprivation and medication
withdrawal, are known to increase the risk of seizure
clusters, prolonged seizures, and status epilepticus. Sei-

TABLE.  Seizures Recorded During Video-Electroencephalographic
Monitoring in 149 Patients With Epilepsya

No. of No. of recorded
recorded No. (%) of seizures per patient,

Seizure type seizures patients median (range)

SPS 258 21 (14) 5 (1-150)
CPS 424 74 (50) 4 (1-40)
GTC seizure 70 36 (24) 2 (1-5)

a CPS = complex partial seizure;  GTC = generalized tonic-clonic; SPS =
simple partial seizure.
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zure clusters, defined as 3 or more CPSs or GTC seizures
within 24 hours, have been reported to occur in 48% to
61% of  patients admitted for video-EEG monitoring.7,8,10

In the current study, seizure clusters were present in one-
fourth of patients. In the EMU of Mayo Clinic’s site in
Arizona, patients are under continuous 24-hour supervi-
sion and have standard orders in place from admission for
administration of rescue medications if clusters or pro-
longed seizure activity develops. Only 13 (25%) of the 52
clusters noted in this study required intravenous benzodi-
azepine or anticonvulsant medication therapy. Further-
more, the presence of a cluster did not predict a longer
hospital stay. Our results show clusters to be frequent but
generally mild. However, close monitoring is justified
because clusters are difficult to predict. Clusters were not
predicted by the presence of generalized seizure activity in
this study. Earlier evaluations of clusters showed no differ-
ence in the frequency of seizure clusters in patients under-
going rapid vs a more gradual withdrawal of antiepileptic
drugs.10

Generalized tonic-clonic seizures have been reported
to occur for the first time or after a prolonged remission
during video-EEG monitoring, presumably as a result of
medication withdrawal.8,11 In our series, this was observed
in only 1 of the 36 patients in whom convulsive seizures
were recorded. The development of de novo generaliza-
tion is notable because GTC seizures in particular have
been correlated with higher injury rates.12 Prolonged
CPSs or secondary generalized seizures have been previ-
ously noted in less then 3% of patients undergoing video-
EEG monitoring.7,13 Short of death, status epilepticus is
the most serious potential complication of video-EEG
monitoring. Reported rates of partial complex or general-
ized status epilepticus, which range from 0% to 3% of
admissions for video-EEG monitoring,7,8 are much higher
than would be expected on the basis of an estimated inci-
dence in the general population of 8 to 41 cases per 100,000
person-years.14-16 Prolonged seizure activity and status
epilepticus were observed in less than 1% of cases in this
series. Because increased seizure activity is not uncommon
and occurs unpredictably, seizure activity should be closely
monitored at all times and treatment should be readily
available. With appropriate monitoring and care, increased
seizure activity in the EMU need not result in substantial
morbidity or increased length of hospitalization.

Even brief seizures may result in injury or even death
as a result of trauma and falls. Orthopedic injury is a
concern for patients with epilepsy, in both the community
and the hospital setting. The relative risk of fracture for
this group is twice that of the general population.17,18

Persons with epilepsy may be at increased risk of fracture
because of seizure-related trauma and falls, antiepileptic

drug-related gait instability, and antiepileptic drug-re-
lated bone disease. Both generalized and partial seizures
can result in falls. The EMU of Johns Hopkins Hospital
reported a rate of 8 falls per 1000 patient-days, 60% of
which resulted in abrasions or contusions.19 Serious or-
thopedic injuries can result from falls or as a result of
intense muscle contraction during seizures. The only pre-
vious study to examine orthopedic injuries during video-
EEG monitoring focused on shoulder dislocations, which
were observed in 5 of 806 patients.20 All 5 occurred dur-
ing a GTC seizure with the patient supervised in bed. In the
current case series, the only orthopedic injury of note was
vertebral compression fracture, which occurred in 4 pa-
tients (11%) with a recorded GTC seizure. Of all noted
complications, only vertebral fractures were considered
severe; all 4 required additional evaluation and treatment
for chronic pain months after discharge from the EMU.
Although vertebral fracture is a recognized complication
of seizure, little is known about the rate of occurrence
during video-EEG monitoring or in the general epilepsy
population.21 Of note, despite a high index of suspicion in
the time frame beyond that included in this study, we have
observed only 1 vertebral compression fracture acquired
during video-EEG monitoring (K.H.N. and J.F.D., unpub-
lished data, 2009). The low rate of orthopedic injury and
absence of any dental injuries in this series may in part
reflect the absence of falls. As noted by Sanders et al,19

falls are an important potential source of injury during
video-EEG monitoring. Falls may occur as a result of
seizure or sedation and ataxia resulting from administered
medications. Precautions to limit or prohibit independent
ambulation, supervision in the bathroom, and use of pad-
ding in the bed or floor may all be helpful in minimizing
orthopedic trauma in the EMU. Clinicians should also be
particularly alert to the potential for fracture in patients
experiencing generalized convulsions in bed during
video-EEG monitoring.

Death during video-EEG monitoring has occasionally
been reported anecdotally; however, no data on the true
frequency of this rare, troubling outcome are available.
Sudden unexplained death in epilepsy (SUDEP) is a poten-
tial cause of death in the EMU. SUDEP is estimated to
account for between 2% and 17% of epilepsy-related
deaths, with an incidence of 0.35 per 1000 person-years in
the epilepsy population.22,23 Only 4 cases of SUDEP or
near-SUDEP have been reported during video-EEG moni-
toring, suggesting that this feared complication is rare in
the monitored setting.24-27 Although the mechanism of
SUDEP has not been established, cardiac arrhythmia, pul-
monary edema, and central apnea secondary to a convul-
sive seizure are among the proposed etiologies. The most
commonly noted ictal ECG change is benign sinus tachycar-
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dia, but arrhythmias as well as conduction and repolarization
abnormalities have also been observed.28-31 Potentially seri-
ous peri-ictal ECG changes, such as asystole, atrial fibrilla-
tion, supraventricular or ventricular tachycardia, and ST-
segment changes, have been observed in 5% to 14% of
seizures recorded during video-EEG monitoring.28,30-32 Seri-
ous ECG abnormalities are more likely with prolonged or
generalized seizures.30-32 In a seizure-by-seizure analysis,
ECG changes were observed in less than 1% of recorded
CPSs or GTC seizures. The unexpectedly low rate of ECG
changes in our series (<1% on a seizure-by-seizure analy-
sis) may reflect an underascertainment of true ECG changes
because this assessment was based on information in the
video-EEG report rather than on a retrospective evaluation
of the original ECG tracings. Although ECG changes would
likely be seen with habitual seizures, the fact that seizures in
the EMU may be longer and more likely to generalize may
increase risk of serious abnormalities. At a minimum, pa-
tients undergoing video-EEG monitoring should likely have
a single-channel ECG monitor with resources available to
address any life-threatening abnormalities detected. At our
institution, we are increasingly moving to formal cardiac
telemetry monitoring for all patients in the EMU.

Postictal psychosis has been described in 6% of patients
undergoing video-EEG monitoring, often in patients with
no history of psychosis.33,34 Potential risk factors unique to
the EMU setting may include increased seizure frequency
and clustering, increased seizure generalization, and the
psychiatric adverse effects of antiepileptic drug with-
drawal.35 Postictal psychosis may increase the risk of devel-
oping chronic psychosis and is associated with increased
mortality.33,36 Furthermore, preparations should be made to
manage developing psychosis, agitation, and combative-
ness during video-EEG monitoring to prevent injury to the
patient, family, and staff. Necessary interventions may in-
clude simple reassurance, reduction of environmental
stimuli, use of restraints, and administration of sedative or
antipsychotic medications.

Overall, our study found that moderate to severe adverse
events requiring intervention occurred in 14% of all admis-
sions and in 19% of those in whom seizures were recorded.
Although seizure clusters were common, most were not
clinically important and required no intervention. No
deaths and no transfers to a higher level of care occurred.
Only vertebral fractures resulted in clear adverse sequelae
persisting beyond hospital discharge.

Our study is limited by its retrospective design, which
may have led to underascertainment of complication
rates. Because of the sample size, rarely occurring events,
such as SUDEP, were not adequately measured. Although
good outcomes were observed in this series, the fre-
quency of noted adverse events underscores the impor-

tance of appropriate close monitoring for seizures and
potential injury. Outcomes may be influenced by safety and
monitoring procedures, which are not standardized even
among large epilepsy referral centers. In an international
survey of 42 EMUs, only half had 24-hour dedicated nursing
staff coverage, less than half had patients under continuous
surveillance by staff, and only two-thirds had continuous
ECG monitoring.37

CONCLUSION

Although the risks of video-EEG monitoring are rela-
tively low, the procedure is not risk free. Video-EEG
monitoring is increasingly available outside of traditional
tertiary epilepsy centers. Smaller community-based hos-
pitals and physician offices providing video-EEG moni-
toring may be unable to offer the level of care from
experienced nursing and EEG technologists available at a
larger referral center that is prepared for complex cases
and higher-risk invasive EEG studies. Further study is
needed to facilitate development of standardized guide-
lines for monitoring and safety strategies to minimize
potential morbidity and mortality across centers offering
video-EEG monitoring services.
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