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Abstract
Background—Continuous EEG monitoring (cEEG) of critically ill patients is frequently utilized
to detect non-convulsive seizures (NCS) and status epilepticus (NCSE). The indications for cEEG,
as well as when and how to treat NCS, remain unclear. We aimed to describe the current practice of
cEEG in critically ill patients to define areas of uncertainty that could aid in designing future research.

Methods—We conducted an international survey of neurologists focused on cEEG utilization and
NCS management.

Results—Three-hundred and thirty physicians completed the survey. 83% use cEEG at least once
per month and 86% manage NCS at least five times per year. The use of cEEG in patients with altered
mental status was common (69%), with higher use if the patient had a prior convulsion (89%) or
abnormal eye movements (85%). Most respondents would continue cEEG for 24 h. If NCS or NCSE
is identified, the most common anticonvulsants administered were phenytoin/fosphenytoin,
lorazepam, or levetiracetam, with slightly more use of levetiracetam for NCS than NCSE.

Conclusions—Continuous EEG monitoring (cEEG) is commonly employed in critically ill
patients to detect NCS and NCSE. However, there is substantial variability in current practice related
to cEEG indications and duration and to management of NCS and NCSE. The fact that such variability
exists in the management of this common clinical problem suggests that further prospective study is
needed. Multiple points of uncertainty are identified that require investigation.
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Introduction
Continuous electroencephalographic monitoring (cEEG) provides a non-invasive, bedside,
ongoing means of assessing brain function, and there are an expanding number of indications
for cEEG in neurologic and other intensive care units [1,2]. The most common use is for
detection of non-convulsive seizures (NCS) and non-convulsive status epilepticus (NCSE)
which are reported to occur in critically ill adults [3] and children [4], and information derived
from cEEG is reported to impact management in the majority of patients [5]. However, little
data exists to allow for evidence based cEEG implementation or management related to cEEG
findings. To date, studies have not investigated whether detection and management of NCS
improves outcome, but the presence of NCS has been associated with worse outcome [6-8]
and NCS have been shown to affect processes that may lead to or worsen brain injury [9].
Although urgent cEEG studies in inpatients prompt changes in anticonvulsant management in
52% of adults [10], little data exist regarding optimal NCS management.

We aimed to understand current clinical practice of cEEG and management of NCS and NCSE.
This information is important for two reasons. First, these findings identify points of clinical
uncertainty and equipoise that require future study, are ethical to study, and will have an
important impact on clinical management. Second, multicenter studies will likely be required
in order to enroll a sufficient number of patients, and information related to current clinical
practice will help ensure that future studies are designed in a manner that provides for feasible
implementation and enrollment at a large number of centers. We describe data acquired from
an international survey of adult and pediatric neurologists that describes current clinical
practice.

Methods
In May 2009, a survey participation invitation was sent to all members of the American
Epilepsy Society, the American Clinical Neurophysiology Society, and the Child Neurology
Society using member email lists. Those members who chose to participate completed an online
survey designed to take 10–15 min using the Survey-Monkey website
(www.surveymonkey.com). The survey was completed anonymously, and did not ask
respondents to specific the name of their University or Hospital. Both in section introductions
and individual questions, the survey asked and reminded respondents to consider critically ill
patients in an intensive care unit setting. Pediatric neurologists were asked and reminded to
address the questions in relation to management of non-neonates.

The survey instrument had three components. The first addressed demographic and practice
information. The second addressed issues related to cEEG including indications for EEG and
issues related to initiation and duration of cEEG. The third addressed management of NCS and
NCSE. The instrument used closed-ended questions in which answers were chosen from lists
or drop-down menus, some of which were mutually exclusive and some of which allowed
multiple answers. At the end of each section, respondents were asked to provide other
comments related to these issues. The survey is provided in the supplemental material.

The study was approved by the Institutional Review Board at the Children’s Hospital of
Philadelphia.
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Results
Survey Respondents

The survey was completed by 330 physicians and 82% completed all questions. Although the
survey was sent to all organization members, only 22 non-physicians completed the survey
(including 13 EEG technologists). These were excluded from analysis since there were too few
responses in any group to be analyzed. Characteristics of the respondents and the respondents’
institutions are shown in Table 1. The mean number of years in practice was 15 ± 11 years.

Pediatric Versus Adult Practice
When results regarding cEEG monitoring indications and management of NCS and NCSE
were stratified by practice type (pediatric or adult), only one question related to Propofol use
for NCSE was answered differently adult and pediatric respondents. Propofol was selected as
the first line coma inducing medication for 30% of adult and 3% of pediatric respondents.

EEG Monitoring Indications and Duration
Figure 1 depicts the proportion of respondents that used EEG to identify NCS and NCSE for
each of several indications. Figure 2 shows the type of EEG performed and urgency of initiation
when cEEG is considered indicated for a patient. Figure 3 shows how long respondents would
continue EEG monitoring if no seizures were detected in a patient who was comatose, a patient
who is obtunded/lethargic, and if periodic epileptiform discharges (PEDs) are present. If
seizures are detected, treated with an anticonvulsant, and terminate, the duration of cEEG after
seizure termination to ensure seizures do not recur is shown in Fig. 4.

EEG Monitoring Review and Reporting
If EEG is being used to screen for NCS, it is reviewed once per day (21%), twice per day (29%),
three or four times per day (17%), or almost continuously (18%) (293 respondents). Reports
were provided daily (72%), twice per day (11%), and rarely only on weekdays (7%) (290
respondents). Daily reports are provided through an electronic medical record (48%), hand
written in the hospital chart (25%), or verbally relayed to the primary physicians (27%) (293
respondents). The use of quantitative EEG trending software is relatively uncommon:
compressed spectral array is used by 18% and amplitude integrated EEG is used by 13% of
physicians, whereas 66% used neither of these tools (286 respondents).

Non-Convulsive Seizure and Non-Convulsive Status Epilepticus Management
Physicians would initiate treatment if any NCS are identified (79%), if multiple NCS are
identified (12%), only if NCSE is identified (5%), or never if all seizures are non-convulsive
(0.5%) (277 respondents). The management aim is to terminate all NCS (63%) or to terminate
frequent NCS but tolerate up to 5 (26%) or 10 (6%) NCS per day. Rarely the aim was to induce
burst suppression (3%), induce electrocerebral silence (1%), or tolerate all NCS as long as none
had a clinical correlate (1%) (277 respondents).

The most common medications used to treat NCS and NCSE are shown in Fig. 5. If NCS were
detected, physicians would induce coma if NCS persisted after 3rd line treatment (56%), 2nd
line treatment (19%), or first line treatment (4%), while 21% would never induce coma if all
seizures were non-convulsive (277 respondents). If NCSE was detected, physicians would
induce coma if NCSE persisted after 3rd line medication (60%), 2nd line medication (29%),
or 1st line medication (5%), while 6% would never induce coma for NCSE (268 respondents).
The most common medications used for coma induction if needed are shown in Fig. 6.
Willingness to intubate for NCS and NCSE is shown in Fig. 7. If seizures are detected and
treated with a continuous coma inducing medication, physicians would continue cEEG while
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on the coma inducing medication (12%), and while on the coma inducing medication plus an
additional 24 h (51%), an additional 48 h (16%), or an additional 12 h (8%) (273 respondents).

If PEDs are present and occur at a frequency faster than 1.5 Hz but never evolve into a seizure,
then anticonvulsants would be administered by 63% and not administered by 37% (276
respondents). If an anticonvulsant is administered, the treatment goal is to provide prophylaxis
against seizures but not specifically target the PEDs for treatment (66%), aim to reduce PEDs
to less than 1.5 Hz (14%), or aim to terminate PEDs (20%) (273 respondents).

Discussion
Respondents indicated frequently using cEEG in critically ill patients and managing NCS and
NCSE. The majority of respondents used cEEG at least once per month and managed at least
several patients with NCS per year. However, there was substantial variability related to cEEG
indications, cEEG initiation urgency, cEEG duration, anticonvulsant choices, and overall
management approaches. The fact that cEEG is frequently used and NCS and NCSE are
commonly managed yet such substantial variability exists in clinical practice reflects the
paucity of prospective research in this area and establishes the need for additional study.

Most respondents utilized EEG when critically ill patients had altered mental status, whether
preceded by clinical convulsions or not. This is consistent with studies reporting that NCS and
NCSE occur in 8–48% of comatose adults [3,5,7,9,11-17] and 16–47% of children with altered
mental status [4,18-24], with variability based on underlying etiology, duration of cEEG,
definition of seizures, and inclusion or exclusion of patients with preceding convulsions or
subtle clinical signs of seizure activity.

Most physicians called in a technologist if needed. The clinical practice of initiating cEEG on
an urgent basis may relate to existing data that delay to NCS diagnosis and longer NCS duration
are associated with increased mortality [6]. However, this practice is likely costly and resource
intensive, and the fact that it is so common suggests that further study is needed to determine
whether this practice positively impacts outcome.

If cEEG was utilized and no seizures were detected, most physicians monitored for 24 h,
although a similar number of respondents monitored for 1 or 48 h. Monitoring was slightly
longer if the patient was comatose (as compared to obtunded/lethargic) and monitoring was
slightly longer if PEDs were present. A 30-min EEG may detect less than half of seizures
eventually identified by longer cEEG [15]. Studies in both adults [3] and children [4,21] have
reported that 80–95% of seizures are detected within 24 h, with slightly longer durations needed
if patients are not comatose or have PEDs [3].

The frequency of cEEG review is extremely variable, and is only very rarely continuous. The
fact that most respondents review the cEEG only intermittently suggests that although often
referred to as “continuous EEG monitoring,” current practice really consists of continuous EEG
recording with periodic review. If NCS were detected and terminated, most monitored for 24
h after seizure termination, although a substantial number monitored for 48 h after seizure
termination. The frequency of cEEG review and cEEG duration may have a large impact on
cEEG implementation feasibility and cost and requires further study.

If NCS or NCSE are detected, most respondents would initiate treatment, although the
management approach is extremely variable. The aim of treatment is usually to terminate all
NCS, but a substantial number aim to induce burst suppression or electrocerebral silence. There
is also variability in the medications utilized. Respondents tended to treat NCSE slightly more
aggressively than NCS, with a trend toward less use of newer anticonvulsants like levetiracetam
and more willingness to induce coma and intubate if required. Little data exist related to
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treatment of NCS and NCSE for adult or pediatric patients, forcing physicians to use whatever
limited data is available, and this may explain why management is similar across age groups.
Both animal models and clinical studies are needed to develop evidence-based management
algorithms [25].

Many respondents initiate an anticonvulsant if PEDs were present, although there is variability
in whether the aim is to provide prophylaxis against seizures or impact the PEDs themselves.
PEDs refer to a category of discharges, of which there are many types, including periodic
lateralized, bilateral independent, generalized, and stimulus induced varieties [26]. These have
been associated with an increased risk of seizures [20] and worse outcome [7,16,27,28], but it
remains unclear whether these should be targeted for treatment in most patients. Our survey
did not ask respondents to differentiate between management of different types of PEDs which
may have led to response variability.

The substantial variability in practice has implications for the design of any future multi-center
studies investigating NCS and NCSE. First, the extensive variability in clinical practice among
experienced specialists suggests that there is great clinical uncertainty and that clinical
equipoise exists at many diagnostic and therapeutic decision points. This suggests that
prospective study of these points is both needed and ethical. Second, if such studies are to
achieve high enrollment, they will need to be planned with extensive input from centers that
might potentially enroll subjects to ensure that enrollment criteria and management approaches
are feasible and considered appropriate. Third, given the variability in cEEG duration, care
must be taken to determine the proportion of EEG or cEEG that is clinically indicated, with
any additional recording presented to families and funded as clinical research. Fourth, there
are considerable differences in cEEG review frequency and since time to detection of NCS
(duration of NCS) may be an important component of outcome, standardization of review
parameters will be important.

This study aimed to describe clinical practice in adults and children, but not neonates. Pediatric
neurologists were asked to focus on management in the pediatric and not neonatal intensive
care units since there is already an extensive literature related to neonatal seizures that has
demonstrated variability in practice [29]. In contrast, there has been little study of cEEG or
seizure management in critically ill children.

There are several important limitations to this study. First, this study did not actually track
cEEG use or management decisions and merely asked respondents for their opinion, and there
may be differences in reported use of cEEG and NCS management and actual practice. Second,
although this survey demonstrates frequent use of cEEG and NCS management, it is possible
that physicians involved in this type of work were more likely to complete the survey than
physicians with other specialties or interests. The fact that all respondents had cEEG available
strongly suggests that this is the case, and that the sample is biased towards those with more
experience and interest in cEEG. Further, the fact that most respondents practice in academic
or tertiary care setting suggests this group may not be representative of practice as a whole and
that it may be inappropriate to generalize this data to all settings. Third, this study utilized
primarily closed ended questions. While this allowed tabulation of results, many situations
relating to the management of critically ill patients are complex and cannot be easily fit into a
rigid management algorithm, so actual clinical practice may be more variable and intricate.
Management of seizures might be affected by the underlying etiology, potential risk of further
seizures, seizure frequency, and seizure duration, and this survey did not address these more
complex but important clinical issues. Fourth, the survey was distributed to the members of
several organizations and was not distributed to individual hospitals or epilepsy centers. Thus,
multiple respondents may have been from the same center. This approach chosen since our
aim was to assess individual practice and not to assess practice at only the larger epilepsy
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centers. However, had we instead asked one individual from each of certain epilepsy centers
to complete the survey, the results may have been different and may have been less variable,
since larger programs may have more clinical algorithms in place to standardize care among
practitioners. Fifth, while organizations sent out our survey using their email lists, to protect
members’ privacy we could not access the actual email address list and could not determine
the total number of physicians who received the survey to calculate a survey response rate.
Finally, compared to the proportion of adult and pediatric neurologists in practice, a large
number of pediatric neurologists completed the survey. In an attempt to ensure we had
sufficient pediatric respondents, we distributed the survey using the Child Neurology listhost,
and this likely led to the high number of pediatric responses. However, respondents focused
on adult and pediatric care had identical response profiles for all questions except for Propofol
use. The fact that care is similar in adult and pediatric settings likely reflects that little data is
available and so practitioners are making decisions based on both adult and pediatric data.

Our results indicate that while many neurologists often make decisions related to cEEG use
and management of NCS and NCSE, substantial variability exists. Clarifying the optimal use
of cEEG and management of NCS and NCSE is important and future study is needed, likely
in the context of large prospective multicenter studies. While the variability in practice may
make such a study complex to design, it may also portend high interest and participation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Which indications lead you to order cEEG to detect non-convulsive seizures or non-convulsive
status epilepticus? (296 respondents)
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Fig. 2.
If NCS (non-convulsive seizures) or NCSE (non-convulsive status epilepticus) is suspected
then what type of EEG do you obtain and how urgently do you obtain the EEG? (294
respondents). * Including initiation by a 24/7 in-hospital EEG technologist or calling in an on-
call technologist
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Fig. 3.
How long do you continue cEEG if no seizures are detected in a patient who is comatose (292
respondents), obtunded/lethargic (291 respondents), or if PEDs (periodic epileptiform
discharges) were detected (289 respondents)?
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Fig. 4.
How long do you continue cEEG after non-convulsive seizures terminated? (288 respondents)
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Fig. 5.
What anticonvulsant do you administer as a first, second, and third line medication of (a) non-
convulsive seizures (271 respondents) or (b) non-convulsive status epilepticus? (268
respondents). FOS fosphenytoin, LEV levetiracetam, LZP lorazepam, MDZ midazolam, PB
phenobarbital, PHT phenytoin, VPA valproic acid
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Fig. 6.
If non-convulsive seizures or status epilepticus persist despite initial anticonvulsants and you
want to initiate coma, which medications do you use as first, second, and third line choices?
(267 respondents)
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Fig. 7.
If non-convulsive seizures or non-convulsive status epilepticus is present, are you willing to
intubate the patient to escalate treatment? (273 respondents)
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Table 1

Characteristics of respondents and respondents’ institutions, n = 330

Level of training

 Attending 90%

 Resident/fellow 10%

Practice type

 Pediatrics 57%

 Adult 32%

 Both 11%

Practice specialty (more than 1 permitted)

 Epilepsy 81%

 Neurocritical care 29%

 General neurology 64%

 Other 17%

Practice location

 United States 84%

 Europe 6%

 Canada 5%

 Other 5%

Respondent institution

 Academic/tertiary care 85%

 Community hospital 12%

 Office only 3%

Does respondent interpret EEGs?

 Yes—with formal qualifications 60%

 Yes—without formal qualifications 26%

 No 14%

Institution EEG availability

 All times (24/7) 63%

 Limited additional hours 25%

 Only standard weekday hours 12%

Institution cEEG availability

 All times (24/7) 80%

 Limited additional hours 11%

 Only standard weekday hours 9%

Institution remote EEG reading availability

 Possible for all records 35%

 Possible for some records 43%

 Not possible for any records. 22%

Non-convulsive seizure management

 ≥5 patients per year 86%

 <5 patients per year 14%

Patients undergoing cEEG Per Month
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 <1 17%

 1–5 41%

 6–20 29%

 >20 13%
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