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� Proposal and guidance on how a computer algorithm may be used by ICU staff as a cEEG bedside
monitor.

� High interrater agreement among nurses for EEG patterns that may indicate subclinical seizures.
� Large amount of prospectively recorded, randomized long-term video EEG data from two neuro ICUs.

a b s t r a c t

Objective: To assess whether ICU caregivers can correctly read and interpret continuous EEG (cEEG) data
displayed with the computer algorithm NeuroTrend (NT) with the main attention on seizure detection
and determination of sedation depth.
Methods: 120 screenshots of NT (480 h of cEEG) were rated by 18 briefly trained nurses and biomedical
analysts. Multirater agreements (MRA) as well as interrater agreements (IRA) compared to an expert
opinion (EXO) were calculated for items such as pattern type, pattern location, interruption of recording,
seizure suspicion, consistency of frequency, seizure tendency and level of sedation.
Results: MRA as well as IRA were almost perfect (80–100%) for interruption of recording, spike-and-
waves, rhythmic delta activity and burst suppression. A substantial agreement (60–80%) was found for
electrographic seizure patterns, periodic discharges and seizure suspicion. Except for pattern localization
(70.83–92.26%), items requiring a precondition and especially those who needed interpretation like con-
sistency of frequency (47.47–79.15%) or level of sedation (41.10%) showed lower agreements.
Conclusions: The present study demonstrates that NT might be a useful bedside monitor in cases of sub-
clinical seizures. Determination of correct sedation depth by ICU caregivers requires a more detailed
training.
Significance: Computer algorithms may reduce the workload of cEEG analysis in ICU patients.
� 2017 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.
1. Introduction

Continuous electroencephalography (cEEG) is used in the inten-
sive care unit (ICU) to detect subclinical seizures and to monitor
sedation depth in cases of refractory seizures or elevated intracra-
nial pressure (Eisenberg et al., 1988; Friedman et al., 2009; Sutter
et al., 2013). Previous studies showed that subclinical seizures
occur more often than anticipated in the ICU (Kaplan, 1999) and
frequently develop at an early stage of acute brain injury
(Claassen et al., 2004). Since mortality increases exponentially with
seizure duration in critical care patients, proper application and
instant interpretation of cEEG is crucial in this setting (Young
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et al., 1996; Vespa et al., 1999). Its use has been associated with a
favorable outcome in the critically ill (Ney et al., 2013). But cEEG
monitoring is not available in the majority of hospitals as it
requires a lot of resources.

To minimize the diagnostic effort of visually screening hours of
cEEG the Austrian Institute of Technology (AIT) has developed a
computer algorithm called NeuroTrend (NT) with a strong ability
to visualize rhythmic and periodic patterns in a time compressed
fashion (Fürbass et al., 2015, 2016). A possible field of application
lies in the use of NT as a bedside monitor. However, in contrast
to other ICU monitors, an automatic alarm system for seizures
would be ineffective, as false alarms would be too frequent in an
environment that contains a plurality of possible EEG artefacts.
In addition, NT data needs interpretation as it also displays trend
data of patterns that are not clearly ictal. Therefore, trained nurses,
taking care of the same patient over several hours would be best
suited to use and interpret the computer results.

The present study investigated whether briefly trained ICU
caregivers can read and interpret NT cEEG data correctly. To test
this hypothesis, 15 ICU nurses and 3 biomedical analysts (BMA)
not familiar with EEG, had to evaluate NT cEEG data from
patients with acute brain injury. The evaluations were then com-
pared between the respondents as well as with an expert opinion
(EXO) and tested for their consistency. The main parameters
tested for consistency were: (1) Identification of seizures occur-
rence and seizure progression (2) Assessment of the sedation
depth.
2. Methods

2.1. Dataset

A dataset of 83 prospectively recorded continuous video-EEGs
(6733 h, mean 73 h) from a neurological (Neurological Center
Rosenhuegel) and a neurosurgical ICU (General Hospital Vienna)
was used. All recordings were obtained from patients older than
18 years with a median age of 58.5 years. EEGs were recorded
using a Micromed EEG system (SystemPLUS Evolution 1.04.95,
Micromed S.p.A., Veneto, Italy) with a sampling rate of 256 Hz,
placing 21 electrodes according to the international 10–20 system.
Only video-EEGs with a duration of more than 24 h and a suffi-
cient EEG signal quality over the whole recording period were
used in this study. Patients were selected using the NeuroTrend
(NT) Analysis Database. This database was established in 2011
with its main focus of investigating rhythmic and periodic EEG
patterns of ‘ictal-interictal uncertainty’ as well as subclinical sei-
zures and status epilepticus (Koren et al., 2015). All cEEGs regis-
tered in the database were reviewed by board certified
neurophysiologists and screened for electrographic seizure pat-
terns (ESP), spike wave (SW), rhythmic delta activity (RDA), peri-
odic discharges (PD), burst suppression (BS) patterns and patterns
mimicking artefacts as described elsewhere (Herta et al., 2015).
EEG changes in frequency, prevalence, localization and morphol-
ogy were reevaluated every 24 h according to the guidelines of
the American Clinical Neurophysiology Society’s Standardized
Critical Care EEG Terminology (CCET) (Hirsch et al., 2013). Addi-
tional information included treatment protocols, patient charac-
teristics, certain neurologic scores and follow up data (Glasgow
Outcome Score after six month). From this database 20 patients
were randomly selected with a predefined split into the following
six groups: PD (n = 3), ESP (n = 3), SW (n = 3), RDA (n = 3), BS
(n = 3) and none of the above-mentioned patterns (n = 5). If a
patient showed more than one pattern type he or she could be
randomized into multiple groups but overall could not be selected
more than once.
2.2. NeuroTrend

Included cEEGs were analyzed by the computer algorithm NT.
This algorithm detects and visualizes rhythmic and periodic EEG
patterns with a strong emphasis on data and time compression
as well as artefact rejection (Hartmann et al., 2014; Fürbass
et al., 2015, 2016). A color code displays the following patterns:
periodic discharges (PD), rhythmic delta activity (RDA), rhythmic
delta activity plus superimposed sharp waves or spikes (RDA + S),
rhythmic activity in the theta range (RTA), rhythmic activity in
the alpha range (RAA) and spike wave (SW). Pattern localization,
pattern frequencies, frequency bands (beta, alpha, theta and delta
range) and amplitude integrated EEG (aEEG) are calculated and
displayed on a graphical user interface. The definition of rhythmic
and periodic EEG patterns follows the guidelines of the CCET add-
ing unequivocal electrographic seizures including generalized
spike-wave discharges at 3 Hz or faster, evolving discharges that
reach frequencies of more than 4 Hz as well as BS patterns
(Hirsch et al., 2013). A validation of NT was recently published
elsewhere (Herta et al., 2015). NT is part of the encevis software
package. Version V1.3 of encevis was used in this study (http://
www.encevis.com).
2.3. NT training and data preparation

Nurses and BMAs (in the following referred to as ‘‘respondents”)
from a neurosurgical ICU were asked to volunteer for the study. A
total of 18 respondents, including 3 BMAs and 15 nurses, then
compiled a questionnaire where they were asked about work expe-
rience, experience with EEG, computer skills, experience in playing
computer games and presence or absence of color blindness. All
personal data were anonymized for further analysis. All respon-
dents underwent a brief educational course of approximately one
hour. Features of NTs graphical user interface and the study design
were explained. Samples of cEEG and NT data were presented. The
presentation files as well as a short rating manual were handed out
to the respondents (available as Supplementary material).

Shortly thereafter each respondent was asked to rate the pres-
elected NT data. The rating manual could be used during the eval-
uation process. During the assessment, the time needed to evaluate
the NT data of 20 patients was measured. NT data were presented
to the respondents by an editable Microsoft

�
PowerPoint slideshow

(Fig. 1). A brief patient history was given, including information
about admission diagnosis, operative procedures undertaken and
their time course, seizures prior to EEG, anesthetics and antiepilep-
tic drugs administered, clinical features that may indicate subclin-
ical seizures (Husain et al., 2003) and Glasgow Coma Scale (GCS) at
cEEG start. Subsequently, results of NT analysis were presented in a
mask that allowed simultaneous ratings of each slide. Slides dis-
played 6 consecutive NT screenshots for each patient with a length
of 4-h each, giving in total 120 screenshots or 480 h of cEEG.
2.4. NeuroTrend review scheme

Rating possibilities were grouped into 4 categories and could be
selected by check boxes. In category one the patterns recognized
by NT (PD, RDA, RDA + S, RTA, RAA, SW) had to be identified
(Fig. 1a). The selection of multiple patterns for each 4-h segment
was possible. For each pattern the principal location had to be
defined. If the pattern was not clearly localized to the left or right
hemisphere, generalized had to be selected. Furthermore, for each
pattern the consistency of frequency had to be indicated (Fig. 1b). A
consistent frequency was assumed if the frequency remained the
same or increased/decreased continuously over a longer recording
period of at least 30 min.

http://www.encevis.com
http://www.encevis.com


Fig. 1. Example of a rating slide. The slide is divided into two parts. On the right side a 4-h sample of NeuroTrend (NT) with additional information concerning anesthetics and
antiepileptic drugs is presented to the respondent. On the left side a rating matrix which is divided into four categories was implemented (white boxes). The information sign
at the left bottom gives the respondent a short summary about the medical record of the patient. In this case a comatose patient suffered from subclinical seizures due to a
large left parietal metastasis of a lung carcinoma. EEG was used during the weaning process after resection of the metastasis. Even after resection the NT screenshot displays
left sided periodic discharges (PD) (a) with a stable frequency (b) which was interpreted as ongoing seizure activity (c). Because of an increase in pattern occurrence (PD) the
tendency was rated as ‘‘seizure deterioration” (d). No burst suppression (BS) occurred during the recording period (e). EEG was continuously recorded as there is no
discontinuity in the aEEG (f).
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In the second category respondents had to check if they sus-
pected a seizure (Fig. 1c). Seizures were defined by presence of
SW, RTA and/or RAA. More equivocal patterns like PD, RDA and
RDA + S had to be rated as possible seizures if these patterns
occurred continuously over a long-time period with a consistent
frequency. This definition was established in order not to oversee
the third non-convulsive seizure criterion introduced by Chong
et al. which includes sequential rhythmic, periodic, or quasi-
periodic waves at 1/sec with an unequivocal evolution in fre-
quency, morphology or location (Chong and Hirsch, 2005). If sei-
zures were present the tendency (unchanged, improvement,
deterioration) between the current and the consecutive slide of a
patient had to be specified (Fig. 1d). Improvement was defined
by absence of seizures or a decline in seizure frequency. Deteriora-
tion was defined by occurrence of new seizures or increase of sei-
zure frequency.

BS patterns could be selected in category three (Fig. 1e). In case
of BS it had to be specified if anesthesia depth was adequate. Anes-
thesia depth was defined as adequate if: (1) the BS pattern
occurred with a nearly simultaneous change in the anesthetic reg-
imen after seizures were treated. (2) If the BS pattern were present
while the patient suffered from elevated ICP. Administered anes-
thetics were displayed under the timeline of the NeuroTrend inter-
face. Elevated ICP was mentioned in the patient history.

Finally, in category four, respondents had to choose if an inter-
ruption of the recording had occurred, best seen in an abrupt dis-
continuation of the aEEG (Fig. 1f).

The same editable slideshow was evaluated by a board-certified
neurophysiologist who was familiar with NT. Not only NT results
but also the raw EEG and chart reviews were accessible to the neu-
rophysiologist during the rating process to establish an ‘‘expert
opinion” (EXO).
For further analysis, the NT detections of type RDA and RDA + S
were merged into RDA and RTA and RAA into ESP. There was no
reason to differentiate these patterns for the present study.

2.5. Statistical evaluation

For statistical evaluation, an interrater agreement (IRA) was cal-
culated. Seven independent, as well as twenty dependent items,
were assessed by the IRA. Independent items included occurrence
of specific patterns (SW, PD, RDA, ESP, BS), seizure suspicion and
interruption of recording. Dependent items included seizure ten-
dency, pattern localization and adequacy of BS. The terms ‘‘depen-
dent items” and ‘‘independent items” refer to the fact that
dependent items serve to further describe and sub-classify inde-
pendent items. For example, if we choose a specific pattern like
‘‘SW” as the independent item, it can be further sub-classified by
the dependent item ‘‘pattern localization” into ‘‘lateralized” or
‘‘generalized”.

To categorize the IRA, ranges of agreement have been defined as
0.01–0.20 for a slight agreement, 0.20–0.40 for a fair agreement,
0.40–0.60 for a moderate agreement, 0.60–0.80 for a substantial
agreement and 0.80–1.00 for a perfect agreement (Blood and
Spratt, 2007). To quantify the rating agreement of the respondents
Gwet’s multirater agreement coefficient of first-order (MRA AC1)
was used (Gwet, 2014). The same method was used to measure
the rating agreement in each category between the respondents
with the EXO (IRA AC1). All IRA AC1 were then averaged over the
respondents to allow further comparisons that consider the whole
study population. The same approach was used for dependent
items if the precondition (independent item) of the respondent
met the precondition of the EXO. Because of a given EXO, sensitiv-
ity and specificity of all rating items were calculated for every
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respondent. The respondents’ answer was counted as a true posi-
tive or a true negative if there was an agreement with the EXO. Fur-
thermore, for each respondent individual performance scores were
calculated. The individual performance score was composed by the
averaged IRA between a respondent and the EXO of all indepen-
dent items excluding the item ‘‘disruption of recording”. Only inde-
pendent items were used for this analysis because the number of
ratings was equal for all respondents. The individual performance
score was used to determine differences and correlations in the
rating behavior of the respondents. Sex, profession, preexisting
experience with EEG and computer gaming experience were eval-
uated by an independent two-sided t-test. Computer skills were
assessed by a one-way analysis of variance. Pearson correlation
coefficient was used for age and work experience (in years). Signif-
icance levels of 0.05 were applied for all statistical tests.

The two non-binary items ‘‘seizure tendency” and ‘‘pattern
localization” were displayed using confusion matrices. For each
item the percentage of agreement (true positive and true negative
ratings to all ratings) for every available category was presented as
a heat map and compared with the EXO ratings.

Statistical calculations were performed by using MATLAB (The
MathWorks, Natick, MA, U.S.A.) and its Statistics toolbox as well
as IBM SPSS Statistics V23.

2.6. Ethics approval and consent

The study protocol was approved by the institutional ethics
commission. Informed consent was given by all nurses and BMAs
that volunteered for the study. Patients included in the NT data-
base were mainly not able to give consent during EEG recordings.
Therefore, the ethics commission requested that all patients that
were not able to give consent and their relatives receive a written
patient information and/or were informed about the study and the
possibility to withdraw their personal data in the future.

3. Results

The mean time for the evaluation of the 120 screenshots was
1 h and 22 min. In Table 1 the IRA of dependent as well as indepen-
dent items is shown. We observed the following multirater agree-
ment coefficients (MRA AC1) for independent items: interruption
of recording (92.72%), spike wave (91.74%, SW), rhythmic delta
activity (85.53%, RDA) and burst suppression (80.39%, BS) showed
perfect agreements, while electrographic seizure patterns
Table 1
Interrater and multirater agreement for tested items.

Item Dependent item Choices

Periodic discharge Yes, no
Localization L,G,R
Consistency of frequency Yes, no

Rhythmic delta activity Yes, no
Localization L,G,R
Consistency of frequency Yes, no

Spike wave Yes, no
Localization L,G,R
Consistency of frequency Yes, no

Electrographic seizure pattern Yes, no
Localization L,G,R
Consistency of frequency Yes, no

Burst suppression Yes, no
Level of sedation Adequate, inade

Seizures suspicion Yes, no
Seizure tendency T+, T=, T�

Interruption of recording Yes, no

AC1, agreement coefficient of first order; EXO, expert opinion; IRA, interrater agreement;
T�, deterioration.
(69.91%, ESP), periodic discharge (66.82%, PD) and seizure suspi-
cion (60.9%) showed substantial agreements. All independent
items also were compared to the ‘‘expert opinion” (EXO) by averag-
ing the interrater agreement (IRA) of the respondents. As expected,
slightly higher IRAs could be achieved with a perfect agreement for
interruption of recording (93.97%), SW (92.03%), RDA (90.25%) and
BS (85.63%). Again, a substantial agreement was observed for ESP
(77.96%), PD (74.93) and seizure suspicion (67.45%). Fig. 2 illus-
trates the differences between the multirater agreement (MRA)
and the averaged IRA of the respondents compared to the EXO.
We observed that independent items with a high MRA like SW or
interruption of recordings do not differ as much from the EXO as
items with a lower MRA like seizure suspicion. Similar effects were
obtained in the receiver operating characteristic of all independent
items (Fig. 3A). Seizure suspicion (79.10%), ESP (88.69%) and PD
(87.98%) achieved lower specificities under 90% in comparison
with SW (95.33%), BS (92.44%); RDA (93.88%) and interruption of
seizures (99.04). Except PD (79.25%) all items obtain sensitivities
over 80% with RDA (93.18%) and BS (92.82%) exceeding sensitivi-
ties of 90%.

In general, dependent items showed lower agreements as inde-
pendent items with a perfect agreement for the localization of ESP
(92.26%) and substantial agreements for the localization of PD
(75.68%), the localization of SW (71.81%), the localization of RDA
(70.83%) and seizure tendency (61.40%) (Table 1). Assessment of
frequency consistency was highly dependent on the evaluated pat-
tern type and showed agreements between 47.47% and 79.15%. The
question whether the level of sedation was adequate in the pres-
ence of BS patterns achieved only a barely moderate agreement
(41.10%). Dependent items with more than two choices are dis-
played as confusion matrices in Fig. 4. We obtained an acceptable
result with a diagonal line of agreement for seizure tendency
(Fig. 4B). All patterns were analyzed for pattern localization
(Fig. 4A). We observed that generalized patterns were distin-
guished clearly from lateralized patterns but in many cases respon-
dents could not assign the correct side for lateralized patterns.

Fig. 5 gives a detailed overview of all assessed items. Agree-
ments of every single respondent compared to the EXO are dis-
played as a heat map. For every respondent, the individual
performance score is displayed next to the respondent rank.
Accordingly, Fig. 3B depicts how sensitive and specific the respon-
dents’ ratings were.

The respondent characteristics including sex, age, profession,
gaming experience, EEG experience, work experience or computer
Multirater agreement, AC1 (%) Averaged IRA to EXO, AC1 (%)

66.82 74.93
75.68
47.47

85.53 90.25
70.38
79.15

91.74 92.03
71.81
64.53

69.91 77.96
92.26
79.63

80.39 85.63
quate 41.10

60.90 67.45
61.40

92.72 93.97

L, left; R, right; G, generalized; NA, not available; T+, improvement; T=, unchanged;



Fig. 2. Percentage of agreement (% agreement) on independent items. The multirater agreement coefficient of first order (MRA AC1; black bars) gives the agreement between
the respondents. The interrater agreement coefficient of first order (IRA AC1; white bars) presents the averaged agreement between the respondents and the expert opinion.
BS, burst suppression; PD, periodic discharge; RDA, rhythmic delta activity; ESP, electrographic seizure pattern; SW, spike wave.

Fig. 3. Receiver operating characteristic. (A) shows the mean sensitivity and mean specificity for seven independent items calculated from the answers of 18 respondents. (B)
illustrates the sensitivity and specificity for seizures of every respondent (R). To calculate sensitivity and specificity answers of the respondents were compared to the expert
opinion. BS, burst suppression; PD, periodic discharge; RDA, rhythmic delta activity; ESP, electrographic seizure pattern; SW, spike wave; IR, interruption of recording; SZ,
seizure suspicion; R, respondent.
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skills had no significant influence on the individual performance
score of each respondent. A detailed overview of characteristics,
statistical tests used and results is given in Table 2. No respondent
suffered from color blindness.
4. Discussion

The applicability of NeuroTrend (NT) as a continuous EEG
(cEEG) bedside monitor was evaluated by multirater agreement
(MRA) and interrater agreement (IRA). Perfect agreement was
found for spike waves (SW), rhythmic delta activity (RDA) and
burst suppression (BS) while electrographic seizure patterns
(ESP), periodic discharges (PD) and seizure suspicion achieved sub-
stantial agreement among the respondents. Similar agreements
were found when we compared the choices of the respondents
with the expert opinion (EXO). Furthermore, sensitivity and speci-
ficity for all independent items showed results over 80% with two
exceptions: sensitivity for PD with 79.25% and the specificity for
seizure suspicion with 79.10%. These high agreements, high sensi-
tivities and high specificities achieved for independent items indi-
cate that with NT, briefly trained ICU personal can identify the
occurrence of rhythmic and periodic EEG patterns that may indi-
cate seizures. Also, over or under dosage of sedative drugs may
be identified adequately.

NT displays trend data and not every short-lasting detection
should be interpreted as an event. This provides an opportunity
for interpretation and raises the question why some patterns
showed higher agreements than others. SW and RDA had the high-
est agreements because they were mostly present over longer time
periods and were therefore easy to detect, if displayed by the algo-
rithm. The same is true for BS patterns where in some cases inter-
pretation was facilitated if large amounts of anesthetic drugs were
administered at the same time the pattern occurred. One possible
source of error could have been that anesthetic drugs given at short
notice for nursing care caused short periods of BS. Respondents
knew only about the continuous application of intravenous anes-
thetics and were blinded to these short applications. This might
have caused disagreement during the rating process. PD were the
most difficult to evaluate pattern. PD occurred frequently with lots



Fig. 4. Color coded confusion matrices for dependent items with more than two choices. Choices are shown on the vertical and horizontal axes while heat map intensities
indicate the percentage of respondents choosing an available option. Only annotations were used if the required dependent item was previously chosen correctly. A dark red
diagonal line from upper left to lower right would indicate a perfect result. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 5. The heatmap shows detailed individual scores of agreement coded by color according to the color bar on the right. For each respondent seven independent items (bold)
and twenty dependent items (italic) have been tested. Scores for each item are calculated as percentage of answers in agreement between the respondents and the expert
opinion. Additionally, on the left the individual performance score (IPS) of each respondent is displayed which takes all independent items except interruption of seizures into
account. BS, burst suppression; PD, periodic discharge; RDA, rhythmic delta activity; ESP, electrographic seizure pattern; SW, spike wave; G, generalized; L, lateralized to the
left; R, lateralized to the right. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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of short-lasting detections. Only PD with a consistency in fre-
quency over a period of 30 min should selected. This created a
great scope for interpretation for example f single patterns
appeared successively over longer periods of time. ESP on the con-
trary are patterns that are very rarely displayed incorrectly by NT.
The difficulty is that these patterns, if present, mostly occurred in
short periods of time and were therefore difficult to distinguish
from misdetections resulting in an agreement of 77.96%.

Obviously, items that needed interpretation like seizure suspi-
cion, seizure tendency, consistency of frequency and level of seda-
tion showed lower MRAs/IRAs than items that had to be selected
by mere presence, no matter if items were dependent or indepen-



Table 2
Influences of respondent characteristics on the individual performance score.

Respondent characteristics (n = 18) Number of /mean Statistical test P value (a = 0.05)

Sex Male: 5 Independent t-test of unequal variance ns (0.141)
Female: 13

Age (in years) �x = 35.44 Pearson’s correlation coefficient (0.033) ns (0.909)
Profession Nurse:15 Independent t-test of unequal variance ns (0.514)

BMA: 3
Gaming experience Available: 10 Independent t-test of unequal variance ns (0.828)

Not available: 8
EEG experience Available: 3 Independent t-test of unequal variance ns (0.514)

Not available: 15
Work experience (in years) �x = 8.83 Pearson’s correlation coefficient (�0.006) ns (0.958)
Computer skills Very good: 2 One way ANOVA ns (0.623)

Good: 10
Satisfactory: 6
Sufficient: 0
Not sufficient: 0

ANOVA, analysis of variance; BMA, biomedical analyst; ns, not significant.
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dent. Here we want to emphasize that only a brief presentation of
the study protocol was chosen to train the respondents. This
approach was not only chosen to recruit as many respondents as
possible but also in order to test the feasibility and usability of
our newly designed NT review scheme for nurses. We are con-
vinced that better agreements are achievable with longer and
repetitive trainings, especially for items that demand interpreta-
tion. Moreover, it has to be emphasized that the less well recog-
nized dependent item ‘‘consistency of frequency” might have had
a negative influence on the ratings of seizure suspicion and seizure
tendency for patterns like PDs and RDA as they needed a consistent
frequency to classify for seizures.

The strengths of our study are (1) the large amount of prospec-
tively collected continuous EEG data, (2) a large number of respon-
dents who rated the NT results and (3) a study design that is
implementable in everyday clinical life. Implementation is not only
possible from a technical point of view but also because we pre-
sented an applicable NT review scheme for ICU staff members.
On the one hand, most of the nurses and biomedical analysts
(BMA) at our hospital work in 12-h shifts, making it easy and fea-
sible to check the NT monitor every 4 h. On the other hand, a 4-h
period is easily readable on the NT screen and small EEG changes
are still detectable. The mean time it took the respondents to eval-
uate the 120 slides was 1 h and 22 min. Therefore, a brief screening
of a 4-h segment is not time consuming and can be completed in
less than one minute.

The short time period in which respondents had to learn and
understand the assessment process may be an advantage in terms
of simulating ‘real life’ conditions but also limits our conclusions
concerning items that needed more interpretation and instruc-
tions. For example, the independent item BS showed a perfect
MRA and IRAs. In contrast the corresponding and therefore depen-
dent item ‘level of sedation’ had an IRA of only 41.10%. In our study
protocol an adequate level of sedation was defined by the occur-
rence of BS patterns at the time a patient suffered from ongoing
seizures or showed an elevated ICP. The low level of agreement
in this case reflects the insecurities concerning certain definitions
that had not been sufficiently internalized by the respondents.

Automatic seizure detection is still rarely used in the ICU
because of the many false alarms. NeuroTrend therefore tries to
present the complex EEG in simplified form. When it comes to
abnormalities, trained staff will alert the specialist. Ideally, a learn-
ing process should be initiated and the rate of false alarms should
be reduced. This has yet to be verified in future studies. Our expe-
rience has shown that increased awareness increases the number
of detected seizures in the ICU. Whether this results in over treat-
ment is still to be evaluated and currently discussed by experts
(Jordan and Hirsch, 2006; Ferguson et al., 2013).

Artefacts were neglected in the study because they were (1)
either detected by the algorithm and removed, or (2) of such a
short duration that they did not meet the seizure criteria of the
study. Likewise, patterns such as frontal intermittent rhythmic
delta activity (FIRDA) and stimulus-induced rhythmic, periodic,
or ictal discharges (SIRPIDs), which are frequently encountered in
the ICU, have not been dealt with in detail, since it is always nec-
essary to carry out a careful medical examination in case of seizure
suspicion. Thus, an initial alert by the nursing staff, even if it is a
false alarm, is welcome if these patterns occur.

Because we wanted to simplify the rating process, next to the
pattern types SW, RDA, PD and BS we implemented the term
ESP where we summarized fast, rhythmic and unequivocal seizure
patterns in the alpha and theta range (labeled ‘‘rhythmic theta
activity; RTA” and ‘‘rhythmic alpha activity; RAA” in NT) according
to CCET and non-convulsive seizure criteria (Chong and Hirsch,
2005; Hirsch et al., 2013). These patterns are highly suspicious
for the presence of subclinical or non-convulsive status epilepticus
in neurological critical care patients, because normal alpha activi-
ties nearly never occur in this highly selective patient cohort. Fur-
thermore, pathological alpha and theta patterns like alpha and
theta coma would be misinterpreted by the algorithm but at least
recognized by the responsible physician (Westmoreland et al.,
1975; Synek and Synek, 1984). Therefore, and to simplify matters
for the respondents involved we defined the NT labels ‘‘rhythmic
theta activity” (RTA) and ‘‘rhythmic alpha activity” (RAA) as clear
seizure patterns aware of a possible error. Another weakness of
the study is that only one neurophysiologist formed the EXO.
However, this shortcoming must be put into relation, since the
study is about the recognition and interpretation of displayed pat-
terns and not about the assessment of the computer algorithm
itself.

Overall, we believe patients may benefit from the use of com-
puter algorithms like NT as a bedside monitor. We showed that
most ICU staff members can easily read and interpret the NT
results after a brief training with no restrictions concerning their
age, their computer skills or their work experience. Ultimately, this
may lead to an increased use of continuous EEG at ICUs as well as
to an increased awareness of frequently occurring subclinical sei-
zures and non-convulsive status epilepticus. In many ICUs cEEG
is not applied because of the enormous amount of data and the
resulting effort of tedious interpretation. NT can facilitate and fas-
ten the evaluation process and with the help of trained ICU person-
nel cEEG may lose its arduous character and develop into an easy
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applicable, non-invasive tool to detect seizures and monitor seda-
tion depth.

5. Conclusion

In the present study, the applicability of a computer algorithm
called NeuroTrend (NT) as a bedside monitor for ICU patients
who undergo long-term EEG monitoring was assessed. In this
specific scenario, NT results were assessed by briefly trained nurses
(n = 15) and biomedical analysts (n = 3). Occurrence of patterns
that could indicate seizures as well as evaluation of sedation depth
were of particular interest. Detection of seizure patterns showed
perfect to substantial agreement in the multirater (MRA) as well
as the interrater agreement (IRA). While burst suppression (BS)
patterns were clearly identified among the respondents the inter-
pretation of an adequate sedation could only reach moderate
agreement. We therefore assume that NT is perfectly suited as a
bedside neuro-monitor used by various ICU staff members if an
adequate amount of time is invested in staff trainings.
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