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Nonconvulsive; Introduction: Blind EEG analysis, especially in the case of suspected nonconvulsive status
Status epilepticus; epilepticus (NCSE), can lead to misdiagnosis. It is important to consider patient demographic
NCSE; and clinical information when interpreting EEG recordings, which constitutes a limitation of
EEG; automatic seizure detectors. This study aims to quantify the impact of this information on EEG
Seizure detectors; interpretation in cases of suspected NCSE.

Clinical information Methods: EEG recordings from patients with suspected NCSE were analysed by 2 independent

reviewers, first without and subsequently with access to clinical data. Inter-rater agreement
between the reviewers and with the reference standard was analysed by calculating Cohen’s
kappa. Diagnoses issued in the blind and informed conditions were compared using performance
metrics, and statistically using McNemar’s test.

Results: Our study included 132 EEG recordings from 75 patients. Of these, 56 recordings were
classified as NCSE by the physician at the time of assessment. Access to patient clinical data
prompted a change in the diagnoses issued by reviewers 1 and 2 in 12% and 17% of recordings,
respectively, and resulted in a marked increase in both inter-rater agreement and performance
metrics, although these changes were not statistically significant.

Conclusions: EEG patterns can be interpreted differently depending on the clinical context.
Access to patient demographic and clinical information improves EEG interpretation.

© 2025 Sociedad Espanola de Neurologia. Published by Elsevier Espafa, S.L.U. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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PALABRAS CLAVE
Estatus epiléptico;

EEG en estatus epiléptico no convulsivo: la influencia de la informacion clinica

No convulsivo; Resumen ]
EENC; Introduccion: El analisis de registros de electroencefalografia (EEG) sin acceso a informacién
EEG; clinica, particularmente en casos de sospecha de estatus epiléptico no convulsivo, puede culmi-

nar en un diagnostico erréneo. A la hora de interpretar los registros de EEG es importante tener
en cuenta los datos demograficos y clinicos de los pacientes, lo que supone una limitacion para
los detectores de ataques epilépticos. El objetivo de nuestro estudio es cuantificar el impacto
de esta informacion en la interpretacion de registros de EEG en casos de sospecha de estatus
epiléptico no convulsivo.

Métodos: Dos revisores independientes revisaron los registros de EEG de pacientes con posible
estatus epiléptico no convulsivo, primero sin acceso a los datos clinicos y después accediendo a
ellos. La concordancia entre los revisores y con el estandar de referencia se analizo calculando
el coeficiente kappa de Cohen. Los diagndsticos establecidos con y sin acceso a los datos clinicos
se compararon mediante indicadores de desempeiio, y el analisis estadistico se realizd con la
prueba de McNemar.

Resultados: Nuestro estudio incluyd 132 registros de EEG de 75 pacientes, de los cuales 56 reg-
istros fueron considerados estatus epiléptico no convulsivo por el facultativo en el momento de
la valoracion. El acceso a los datos clinicos de los pacientes conllevé un cambio en el diagnostico
establecido por el revisor 1y el revisor 2 en el 12% y el 17% de los registros, respectivamente.
Esto provoco un marcado aumento en tanto la concordancia interevaluador como en los indi-
cadores de desempeno, aunque estas variaciones no fueron significativas desde el punto de
vista estadistico.

Conclusiones: Los patrones de EEG pueden ser interpretados de diversas formas dependiendo
del contexto clinico. El acceso a los datos demograficos y clinicos de los pacientes mejora la
interpretacion de los registros de EEG.

© 2025 Sociedad Espanola de Neurologia. Publicado por Elsevier Espafna, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY (http://creativecommons.org/licenses/by/4.0/).

Detectores de
ataques epilépticos;
Datos clinicos

sive treatment in comatose patients.'? Thus, 2 very similar
EEG recordings may lead to different therapeutic decisions,
depending on the context.

On the other hand, the use of automatic seizure detection
techniques has expanded.'>'* The development of these sys-
tems aims to provide an initial diagnosis at centres where

Introduction

Status epilepticus, a life-threatening condition arising either
from failure of the mechanisms responsible for seizure ter-
mination or from the activation of mechanisms that cause
abnormally prolonged seizures,” may be classified broadly

as convulsive or nonconvulsive status epilepticus (NCSE).
Diagnosis of NCSE is highly challenging, and is based on
a combination of clinical history data, seizure semiology,
and EEG findings. Unfortunately, the clinical manifestations
of NCSE are usually subtle and nonspecific,>* with the
most frequent being impaired level of consciousness, rang-
ing from mild confusion to coma.>” In these cases, EEG
is crucial for diagnosis.”® The latest EEG-based diagnostic
criteria for NCSE are the modified Salzburg criteria, which
incorporate the standardised nomenclature of the American
Clinical Neurophysiology Society to increase homogeneity
and improve inter-rater agreement.”'? These criteria con-
sider the EEG pattern, clinical manifestations, and response
to antiseizure medication to establish a diagnosis of defi-
nite NCSE, possible NCSE, or no NCSE. The decision to start
treatment in the event of possible NCSE rests in the hands
of the treating physician, and should be made on an individ-
ual basis. As noted above, both patient medical history and
seizure semiology are crucial in treatment decision-making,
as some EEG patterns may be of uncertain significance (for
example, benign variants or periodic discharges),'"'? and
there is no consensus on which EEG patterns warrant aggres-

EEG is not readily available, as well as an automated anal-
ysis of prolonged EEG recordings, which must otherwise be
manually reviewed. While automatic seizure detectors can
be very useful in certain scenarios, they rely exclusively on
EEG signals. Treatment must not be based solely only on the
diagnosis established by the detection device, but must also
consider the patient’s medical history and clinical status.

Although the importance of the medical history and phys-
ical examination is universally acknowledged in medicine,
this study aims to quantify their relevance in EEG interpre-
tation when NCSE is suspected. Our findings may contribute
to the design and improvement of new automatic seizure
detection systems.

Material and methods
Patient selection

We conducted an observational, analytical, single-centre
study of the impact of clinical data on EEG interpretation. A
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retrospective search was conducted on the EEG database of
Clinica Universidad de Navarra for EEG recordings compa-
tible with NCSE taken between 2004 and 2022. The only
exclusion criterion was patient age under 18 years. Another
search was made to identify normal EEG recordings, EEG
recordings compatible with encephalopathy (characterised
by generalised or focal background slowing and/or tripha-
sic waves), and abnormal EEG recordings that were not
categorised as being compatible with NCSE or encephalopa-
thy. The latter category includes recordings with interictal
epileptiform abnormalities and/or focal slow waves. The
inclusion of EEG recordings revealing encephalopathy is
of paramount importance given that this condition is fre-
quently considered in the differential diagnosis of NCSE® 16
due to the initial unexplained altered level of consciousness
observed in these patients. In patients already included in
the database due to EEG findings compatible with NCSE and
with previous or subsequent normal EEG findings, patho-
logical EEG recordings were preferentially included, while
the remaining recordings were added in chronological order.
Although this approach resulted in an asymmetrical contri-
bution of EEG recordings, with some patients having multiple
EEG records while others had only one, the reviewers were
not informed of this fact.

EEG recordings

EEG recordings were obtained at Clinica Universidad de
Navarra with a 19-channel EEG cap, or a double-distance
montage (Fp1, Fp2, C3, C4, T3, T4, O1, 02, Cz) with
adhesive surface electrodes, when placement of a cap
was not possible. Electrodes were placed according to the
10—20 system,'” with an impedance below 20k, using a
sampling rate of 200—250Hz. EEG studies prior to August
2018 were performed with the Stellate Harmonie software
(Canada), while those performed thereafter used the Natus
software (USA). EEG recordings had a median duration of
18 min (range: 6 min to 3 h and 54 min). Unfortunately, video
recordings were not available for review.

Initial blind classification

EEG recordings were independently reviewed by 2 neu-
rophysiologists with training in EEG. During the initial
classification, the reviewers were blinded to patient demo-
graphic characteristics, medical history, and clinical status
at the time of the EEG study. However, they were informed
that all EEG studies had been conducted due to suspi-
cion of NCSE, and were instructed to assume that patients
presented a low level of consciousness during the study.
The reviewers were asked to categorise EEG recordings as
either definite NCSE or no NCSE, according to the modified
Salzburg criteria.® While these criteria allow for a diagno-
sis of ‘‘possible NCSE’’, this category was not included in
our analysis for 2 main reasons. First, the lack of access
to clinical information, such as potential manifestations or
antiepileptic drug use, precluded the strict application of
the modified Salzburg criteria. Second, in real-world clinical
practice, a diagnosis of possible NCSE often requires a defini-
tive decision regarding treatment initiation. To enhance the

practical applicability of our study, we focused on a binary
classification ‘‘definite NCSE’’ vs ‘‘no NCSE.”’

EEG interpretation with patient information

Reviewers were subsequently provided with all the rele-
vant clinical and demographic information. Demographic
and clinical data included age at the time of the study,
sex, relevant clinical history, history of epilepsy, and med-
ication at the time of the study, as well as a detailed
description of the motivation for the EEG study and a thor-
ough description of the patient’s clinical status during EEG
(level of consciousness, motor or non-motor events, medica-
tion administration, and time of administration). Therefore,
although no video footage was available, reviewers were
informed of any ictal manifestation that may have occurred.
Reviewers were instructed to re-review the EEG recordings
and reclassify them based on this additional information.
They did not have access to the diagnosis issued at the time
of the initial assessment at any time during the study. While
clinical and demographic information allowed the review-
ers to fully apply the modified Salzburg criteria, the need
to make a definitive treatment decision in real-world clin-
ical practice remained the focus of our study. Therefore,
reviewers were again instructed to provide a conclusive
diagnosis (either ‘‘definite NCSE’’ or *‘'no NCSE,’’) even with
the expanded dataset. This approach aligns with the prac-
tical reality of clinical decision-making, where a diagnosis
of “*possible NCSE’’ is insufficient to guide immediate treat-
ment decisions. This requirement was intended to ensure
that the study reflected the challenges and demands of clin-
ical practice.

Statistical analysis

The Pearson chi-square test was used to evaluate the asso-
ciation between level of consciousness during EEG and
diagnosis, and between history of epilepsy and diagnosis.
Performance metrics were used to assess the review-
ers’ classifications. We assessed inter-rater agreement
between the 2 neurophysiologists, as well as between each
reviewer and a reference standard, in both the *‘blind’’ and
“*informed’’ conditions. In this case, the reference standard
was the diagnosis made by the physician at the time of the
patients’ examination, which was considered the gold stan-
dard. Inter-rater agreement was assessed using the Cohen’s
kappa statistic. To assess the impact of additional infor-
mation on EEG classification, a comparative analysis was
conducted using McNemar’s test. For the statistical analy-
sis, a P value <.05 was considered significant. All statistical
analyses were performed with Python (v3.10.9) using the
SciPy module (v1.6.1)."®

Standard protocol approval, registration, and
patient consent

The study was approved by the research ethics board
at Clinica Universidad de Navarra (reference number
CEI:2023.037). Patients gave written informed consent to
the use of their data.
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Figure 1  Stacked bar chart displaying the number of EEG recordings from patients with and without history of epilepsy, and

diagnosis at the time of EEG interpretation. NCSE: nonconvulsive status epilepticus. * Statistically significant difference (P<.05).

Data availability

The data that support the findings of this study are available
upon reasonable request to the senior authors, conditional
upon compliance with the policies of the research ethics
board.

Results
Patient cohort

A total of 132 EEG recordings from 75 patients were included
in this study. Of these, 56 recordings from 27 patients were
classified as NCSE at the time of the initial examination,
while 76 recordings from 63 patients were not compatible
with NCSE. The latter group included 23 normal EEG record-
ings, 32 recordings compatible with encephalopathy, and 21
abnormal recordings not compatible with either diagnosis
(14 presented focal slow waves and 7 had interictal epilepti-
form discharges). The NCSE group included 16 women (59%),
with a median age at the time of the study of 67 years (range,
22—85), whereas the no-NCSE group included 36 women
(57%), with a median age of 63 years (range, 20—93).

Of the 56 EEG recordings classified as NCSE, 45 corre-
sponded to patients with history of epilepsy (80%). Of the
remaining 11 patients, whose first ictal event was status

epilepticus, a clear cause was only identified in 3 (cen-
tral nervous system tumours). Over half of the patients
in the no-NCSE group (52%) had a history of epilepsy. We
found a statistically significant association between history
of epilepsy and diagnosis of NCSE (x%=5.71; P=.02) (Fig. 1).

In the NCSE group, 5 recordings (9%) were taken with
the patients remaining awake and alert; 41 (73%) had an
altered level of consciousness during EEG, and 10 (18%)
were stuporous or comatose. In contrast, the no-NCSE
group included recordings from 38 awake patients (50%),
32 (42%) with an altered level of consciousness, and 6
(8%) stuporous/comatose patients. Pearson’s Chi-square test
yielded statistically significant results (x*=24.98; P<.01),
suggesting differences in level of consciousness between the
2 groups (Fig. 2). Demographic and clinical data are sum-
marised in Table 1.

Blind EEG interpretation

In the retrospective, blind analysis of EEG recordings,
reviewer 1 (B.E.) classified 43 recordings as compatible with
definite NCSE (33%) and 89 as no NCSE (67%). These results
present a sensitivity of 64.29%, a specificity of 90.79%,
a positive predictive value (PPV) of 83.72%, and a nega-
tive predictive value (NPV) of 77.53%. On the other hand,
reviewer 2 (J.1.) classified 65 EEG recordings as definite NCSE
(49%) and 67 as no NCSE (51%), resulting in a sensitivity of
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Table 1  Patient demographic and clinical information provided to the reviewers.

Patient Age Sex History of epilepsy Consciousness level Other phenomena during EEG

1 41 F Yes Awake

1 44 F Yes Awake

1 45 F Yes Drowsy

1 45 F Yes Drowsy

1 45 F Yes Drowsy

1 45 F Yes Drowsy

2 35 M Yes Awake

3 29 F Yes Awake

3 31 F Yes Awake

3 31 F Yes Awake Non-stereotyped perioral
movements

3 31 F Yes Awake Non-stereotyped perioral
movements

3 31 F Yes Awake

3 37 F Yes Awake

3 40 F Yes Drowsy

3 40 F Yes Awake

4 56 F Yes Awake Left hand and hemifacial
myoclonus

5 59 F Yes Drowsy

5 67 F Yes Stuporous/comatose

5 67 F Yes Stuporous/comatose

5 67 F Yes Stuporous/comatose

6 48 F No Awake

7 60 M Yes Drowsy

8 72 M No Awake Multiple absence episodes with
head deviation to the right

8 72 M Yes Drowsy

9 40 M No Stuporous/comatose Left hemibody myoclonus

9 40 M Yes Stuporous/comatose

9 40 M Yes Awake

9 40 M Yes Awake

10 55 F No Stuporous/comatose

11 32 F Yes Awake Multiple absence episodes

11 32 F Yes Stuporous/comatose

12 56 F No Drowsy

13 93 F No Drowsy

14 22 F Yes Drowsy

14 22 F Yes Drowsy

15 45 F No Awake

16 75 F No Stuporous/comatose

17 62 M Yes Drowsy

17 62 M Yes Drowsy

17 63 M Yes Awake

17 64 M Yes Drowsy

17 64 M Yes Awake

17 67 M Yes Drowsy

17 71 M Yes Drowsy

17 73 M Yes Drowsy

17 72 M Yes Drowsy

18 34 F No Stuporous/comatose

18 34 F No Drowsy

18 34 F No Drowsy

19 62 M Yes Drowsy

20 82 M No Stuporous/comatose Left hand myoclonus

20 82 M No Stuporous/comatose Left hand myoclonus

21 66 M Yes Awake
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Table 1 (Continued)

Patient Age Sex History of epilepsy Consciousness level Other phenomena during EEG

22 79 F No Drowsy

23 69 F Yes Awake

24 55 F Yes Awake

25 74 M No Drowsy

26 49 F Yes Drowsy

26 49 F Yes Drowsy

26 49 F Yes Drowsy

27 74 F No Awake

28 54 F Yes Drowsy

28 54 F Yes Awake

29 78 M No Drowsy

30 83 M No Awake

31 69 M Yes Awake

32 20 M Yes Awake

32 27 M Yes Drowsy Right arm myoclonus

33 73 F No Drowsy

34 84 F Yes Drowsy Generalised subtle jerks

34 84 F Yes Drowsy Generalised subtle jerks

34 84 F Yes Drowsy Generalised subtle jerks

35 81 F Yes Drowsy

36 48 F Yes Awake

37 84 F No Drowsy

38 67 M No Awake

38 67 M Yes Awake

39 66 M Yes Awake

40 81 M Yes Awake

40 81 M Yes Awake

40 83 M Yes Drowsy Left hemifacial and gaze
deviation with blinking

40 83 M Yes Drowsy

41 69 F No Drowsy

42 70 M Yes Drowsy Left arm myoclonus with
changes in breathing pattern

42 70 M Yes Drowsy Left arm myoclonus with
changes in breathing pattern

42 70 M Yes Drowsy Left arm myoclonus with
changes in breathing pattern

42 70 M Yes Drowsy

42 70 M Yes Drowsy

42 70 M Yes Drowsy

42 70 M Yes Drowsy

42 70 M Yes Drowsy

43 78 M Yes Stuporous/comatose

44 38 F No Awake

45 79 M No Drowsy

45 79 M Yes Awake

45 79 M Yes Awake

46 44 F Yes Drowsy

47 37 M Yes Awake

48 88 M Yes Drowsy

49 72 M No Drowsy

50 83 F No Stuporous/comatose

51 84 F No Drowsy

52 65 F Yes Drowsy

52 65 F Yes Awake

53 75 M Yes Awake

54 31 F No Stuporous/comatose
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Table 1  (Continued)

Patient Age Sex History of epilepsy Consciousness level Other phenomena during EEG
55 36 F No Drowsy

56 85 F No Drowsy

57 85 F No Stuporous/comatose Oral automatisms

58 77 F No Drowsy

59 57 M Yes Awake

60 25 F Yes Awake Aphasia

60 25 F Yes Awake Aphasia

61 62 M No Drowsy

62 77 F Yes Drowsy Orofacial automatisms
62 77 M Yes Stuporous/comatose

62 76 F Yes Drowsy

63 45 M No Drowsy

64 66 M No Drowsy

65 85 M No Awake

66 75 M No Drowsy Leg myoclonus

67 21 F No Drowsy

68 78 M No Drowsy

69 32 F No Drowsy

70 56 F No Drowsy

71 75 F No Drowsy

71 75 F Yes Drowsy

72 67 F No Drowsy

73 50 F No Drowsy

74 67 F No Drowsy 3 episodes of stammering
75 63 F Yes Drowsy

75 63 F Yes Drowsy

F: female; M: male.

B NCSE
mm No NCSE

* %k

# of EEG recordings
w H w
o o o

N
o
1

=
o
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Awake Somnolent Stuporous/comatose
Patients' consciousness level

Figure 2 Stacked bar chart showing the patients’ consciousness level at the time of EEG recording, and diagnosis at the time of
EEG interpretation. NCSE: nonconvulsive status epilepticus. ** Statistically significant difference (P<.01).
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Figure 3

Diagram summarising the results of the study: differences in the diagnoses issued by reviewers 1 and 2, as well as

between each reviewer and the reference standard (S), in the blind (above) and informed assessments (below). Cohen’s kappa
coefficients are presented beside the dashed arrows, and McNemar’s P values are presented beside the continuous arrows. NPV:
negative predictive value; PPV: positive predictive value; Sen: sensitivity; Spe: specificity.

85.14%, specificity of 75.00%, PPV of 70.77%, and NPV of
85.07%. The Cohen’s kappa coefficient between the refe-
rence standard and the reviewers was k=0.57, with a 95%
confidence interval (Cl) of 0.43—0.71, for reviewer 1 and
k=0.56 (95% Cl, 0.42—0.68) for reviewer 2; the correlation
coefficient between the 2 reviewers was k=0.57 (95% Cl,
0.43-0.70).

Informed EEG interpretation

After reviewing the patients’ clinical and demographic infor-
mation, the reviewers were asked to reclassify the EEG
recordings and issue a definitive diagnosis. Reviewer 1 clas-
sified 49 recordings as compatible with NCSE (37%), ruling
out a diagnosis of NCSE in 83 cases (63%); this yielded a sen-
sitivity of 80.36%, specificity of 94.74%, PPV of 91.84%, and
NPV of 86.74%. Reviewer 2 classified 62 EEG recordings as
NCSE (47%) and 70 recordings as no NCSE (53%), with a sen-
sitivity of 91.07%, specificity of 85.52%, PPV of 82.25%, and
NPV of 92.85%. The Cohen’s kappa coefficient between the
reference standard and the reviewers was k=0.76 (95% Cl,
0.64—0.87) for reviewer 1 and k=0.76 (95% Cl, 0.65—0.86)
for reviewer 2; the correlation coefficient between the 2
reviewers was k=0.74 (95% Cl, 0.63—0.85) (Fig. 3).

Comparison between EEG interpretations before
and after reviewing patient clinical information

Access to patient data led the reviewers to change the diag-
nosis in several cases. Reviewer 1 changed diagnosis from
definite NCSE to no NCSE in 5 patients, and from no NCSE to
definite NCSE in 11 patients. Reviewer 2 reclassified 13 EEG
recordings from definite NCSE to no NCSE, and 10 recordings
from no NCSE to definite NCSE. Overall, knowledge of the

patients’ clinical status led reviewer 1 to change diagnosis
in 16 recordings (12%) and reviewer 2 to change diagnosis in
23 recordings (17%).

The McNemar’s test revealed no statistically significant
differences for either reviewer in the diagnoses issued
reviewing the patients’ demographic and clinical character-
istics, with a P value of .21 (result: 1.56) for reviewer 1, and
a P value of 0.67 (result: 0.17) for reviewer 2 (Fig. 3).

Discussion

This study analysed the impact of patient information on
EEG interpretation in cases of suspected NCSE. Because this
condition presents with subtle clinical manifestations, or
may even be asymptomatic,”* EEG is an essential tool for
diagnosis and management.'®2' On the other hand, there
is a trend in the field of EEG towards automatic interpreta-
tion, including the use of automated systems for detecting
seizures and epileptiform patterns.’>'* These tools are fre-
quently used at centres lacking physicians trained in EEG
interpretation, or as an initial approach in emergency situa-
tions (akin to the automated external defibrillators used in
ambulances).???3 Nevertheless, it is important to interpret
EEG recordings within the clinical context of each patient,
as this information may have a significant impact on diagno-
sis. This may be due to the fact that there are multiple EEG
patterns of uncertain significance,?2¢ as well as clinical
situations in which there is no consensus on the interpre-
tation of EEG (i.e., in comatose patients?’). Therefore, 2
very similar EEG recordings can lead to different diagnoses
depending on the patient’s clinical status.

In this study, 2 independent reviewers classified EEG
recordings as compatible with either NCSE or no NCSE, in
2 different scenarios. In the first scenario, they classified
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the recordings without any demographic and clinical infor-
mation, whereas in the second, they had access to all this
information before reviewing the EEG recordings.

Blind EEG interpretation yields underwhelming
performance

The 2 reviewers interpreted EEG recordings similarly in
the blind condition. Differences arose from their different
approach to the lack of clinical and demographic infor-
mation: while one reviewer chose a more conservative
approach, the other argued that more patterns could be
interpreted as ictal due to the lack of clinical data. These
differing interpretations led to mirrored performance met-
rics, with the more conservative approach achieving high
specificity and comparatively lower sensitivity, and the
opposite for the other reviewer. However, both reviewers
showed moderate agreement with the reference standard.
These values are lower than those reported in studies eval-
uating the agreement between independent reviewers and
the modified Salzburg criteria.?® 32 This may be explained
by the fact that the reviewers were not able to fully apply
the modified Salzburg criteria during blind EEG interpreta-
tion, as they were unable to assess the presence of subtle
clinical ictal phenomena or improvement with antiepileptic
drugs due to their lack of access to clinical data.

EEG complemented with clinical data improves
interpretation

Access to patient clinical and demographic information
increased the reviewers’ ability to correctly classify EEG
recordings. Although an increase was observed in all per-
formance metrics and inter-rater agreement, these changes
did not yield statistically significant differences, probably
due to our relatively small sample size. After full applica-
tion of the modified Salzburg criteria, inter-rater agreement
is comparable to the values reported by other authors,?6~32
confirming that clinical information is crucial for the correct
application of the criteria.

History of epilepsy and level of consciousness are
directly linked to diagnosis of NCSE

Among the data obtained from each patient, we found a sta-
tistically significant relationship between history of epilepsy
and diagnosis of NCSE. In other words, the probability of a
positive diagnosis of NCSE is higher in patients with known
epilepsy in our cohort. Interestingly, we found a higher pro-
portion of patients with history of epilepsy than reported in
the literature.?* % This discrepancy may be attributed to a
potential diagnostic bias, with clinicians being more likely to
suspect NCSE and pursue EEG confirmation in patients with
known epilepsy, while potentially overlooking similar pre-
sentations in those without history of seizures. Similarly, we
found a strong correlation between level of consciousness
and the probability of this finding being due to NCSE. While
the level of consciousness is an important factor in assess-
ing NCSE, this finding alone is not sufficient for diagnosis,
as an altered level of consciousness may be due to multi-

Figure 4 EEG recordings corresponding to false negatives
and false positives. (A) False negative. Patient 34 presents
rhythmic spikes predominantly in the vertex, coinciding with
generalised subtle jerks. (B) EEG from the same patient, fol-
lowing intravenous administration of 0.5mg clonazepam. (C)
False negative. EEG recording from patient 52 shows bifrontal
spike, spike-wave, and polyspike-wave discharges, with no clin-
ical manifestations. (D) EEG recording from the same patient,
following intravenous administration of 0.5 mg clonazepam. (E)
False positive. Patient 47 shows background activity slowing,
sometimes following a rhythmic pattern, without clear progres-
sion and with no clinical manifestations. (F) EEG recording from
patient 18 revealing frontal intermittent rhythmic delta activ-
ity.

ple causes.>'>'® This suggests that a positive diagnosis of
NCSE is more likely in patients presenting somnolence or stu-
por/coma than in those with a normal level of consciousness,
when there is already suspicion of NCSE. We hypothesise that
these factors may play a role in the automatic detection of
NCSE; automatic detection systems should incorporate these
input variables for the interpretation of EEG recordings.

Limitations and pitfalls

The main limitation of this study is its retrospective nature.
Regardless of the amount and quality of information given to
the reviewer retrospectively, evaluating EEG recordings at
the time of assessment always achieves superior diagnostic
accuracy. Real-time access to video footage, which provides
a clinical context for EEG findings, is essential. Other advan-
tages of analysing the EEG recording in real time include
the possibility of examining the patient or performing an
antiepileptic drug trial (which may be crucial in the diagnosis
of NCSE, according to the modified Salzburg criteria).
Several factors account for the majority of false nega-
tive and false positive results. The lack of information about
antiepileptic drug trials and insufficient data on level of
consciousness between episodes explained most false neg-
atives. This would not have been an issue for the physician
at the time of the original observation. Furthermore, in
the event of ambiguous EEG findings, diagnosis was based
on previous recordings. However, the reviewers partici-
pating in our study were not given the option to review
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previous EEG recordings from a particular patient. On the
other hand, some false positive diagnoses were issued in
patients displaying rhythmic patterns, such as frontal inter-
mittent rhythmic delta activity (Fig. 4). Nonetheless, once
the reviewers had access to the patients’ clinical informa-
tion, the rate of correct diagnoses increased to values in line
with the literature.?® 32 This highlights the need to involve
physicians in the clinical evaluation of patients with sus-
pected NCSE due to the potential errors associated with
blind EEG assessment.

Conclusions

EEG is a versatile tool employed in a wide range of situa-
tions, and is especially useful in the diagnosis of NCSE with
subtle or no motor manifestations.’® With the proliferation
of automatic seizure detection systems,>'“ it is imperative
to remember the importance of demographic and clini-
cal data when interpreting an EEG recording. This study
shows the difference between blind EEG interpretation and
EEG interpretation complemented with patient clinical and
demographic data, demonstrating that the clinical context
is essential in the diagnosis of NCSE.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of interest

None of the authors has potential conflicts of interest to be
disclosed.

References

1. Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE,
Shinnar S, et al. A definition and classification of status
epilepticus — report of the ILAE Task Force on Classi-
fication of Status Epilepticus. Epilepsia. 2015;56:1515—-23,
http://dx.doi.org/10.1111/epi.13121.

2. Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ.
Detection of electrographic seizures with continuous EEG mon-
itoring in critically ill patients. Neurology. 2004;62:1743—8,
http://dx.doi.org/10.1212/01.WNL.0000125184.88797.62.

3. Drislane FW. Presentation, evaluation, and treatment of non-
convulsive status epilepticus. Epilepsy Behav. 2000;1:301—14,
http://dx.doi.org/10.1006/ebeh.2000.0100.

4. Shorvon S. Status epilepticus. Cambridge University Press; 1994.
p. 1-20, http://dx.doi.org/10.1017/CB09780511526930.

5. Dupont S, Kinugawa K. Nonconvulsive status epilepti-
cus in the elderly. Rev Neurol (Paris). 2020;176:701-9,
http://dx.doi.org/10.1016/j.neurol.2019.12.007.

6. Fernandez-Torre JL, Kaplan PW, Hernandez-Hernandez MA.
New understanding of nonconvulsive status epilepticus in
adults: treatments and challenges. Expert Rev Neurother.
2015;15:1455—-73.

7.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10

Sutter R, Ruegg S, Kaplan PW. Epidemiology, diagno-
sis, and management of nonconvulsive status epilepticus:
opening Pandora’s box. Neurol Clin Pract. 2012;2:275-86,
http://dx.doi.org/10.1212/CPJ.0b013e318278be75.

. Canas N, Delgado H, Silva V, Pinto AR, Sousa S, Simoes

R, et al. The electroclinical spectrum, etiologies,
treatment and outcome of nonconvulsive status epilep-
ticus in the elderly. Epilepsy Behav. 2018;79:53—7,
http://dx.doi.org/10.1016/j.yebeh.2017.10.034.

. Beniczky S, Hirsch LJ, Kaplan PW, Pressler R, Bauer G,

Aurlien H, et al. Unified EEG terminology and criteria for
nonconvulsive status epilepticus. Epilepsia. 2013;54:28-9,
http://dx.doi.org/10.1111/epi.12270.

Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky
S, Abend NS, et al. American Clinical Neurophysiology
Society’s standardized critical care EEG terminol-
ogy: 2021 version. J Clin Neurophysiol. 2021;38:1-29,
http://dx.doi.org/10.1097/wnp.0000000000000806.

Sutter R, Semmlack S, Kaplan PW. Nonconvulsive sta-
tus epilepticus in adults—insights into the invisible.
Nat Rev Neurol. 2016;12:281—93, http://dx.doi.org/10.
1038/nrneurol.2016.45.

Trinka E, Leitinger M. Which EEG patterns in coma are non-
convulsive status epilepticus? Epilepsy Behav. 2015;49:203—-22,
http://dx.doi.org/10.1016/j.yebeh.2015.05.005.

Farooq MS, Zulfigar A, Riaz S. Epileptic seizure
detection using machine learning: taxonomy, oppor-
tunities, and challenges. Diagnostics. 2023;13:1058,

http://dx.doi.org/10.3390/diagnostics13061058.

Supriya S, Siuly S, Wang H, Zhang Y. Automated epilepsy
detection techniques from electroencephalogram sig-
nals: a review study. Health Inf Sci Syst. 2020;8:33,
http://dx.doi.org/10.1007/s13755-020-00129-1.

Kinney MO, Craig JJ, Kaplan PW. Non-convulsive status epilep-
ticus: mimics and chameleons. Pract Neurol. 2018;18:291—-305,
http://dx.doi.org/10.1136/practneurol-2017-001796.
Nandhagopal R, Al-Murshedi F, Al-Busaidi M, Al-Busaidi
A. Encephalopathy = mimicking non-convulsive  status
Epilepticus. Neurosciences (Riyadh). 2018;23:52—-6,
http://dx.doi.org/10.17712/nsj.2018.1.20170214.

Jasper HH. The ten-twenty electrode system of the inter-
national federation. Electroencephalogr Clin Neurophysiol.
1958;10:371-5.

Virtanen P, Gommers R, Oliphant TE, Haberland M, Reddy T,
Cournapeau D, et al. SciPy 1.0: fundamental algorithms for
scientific computing in Python. Nat Methods. 2020;17:261-72,
http://dx.doi.org/10.1038/541592-019-0686-2.

Kaplan PW. The clinical features, diagnosis, and prognosis of
nonconvulsive status epilepticus. Neurologist. 2005;11:348—61,
http://dx.doi.org/10.1097/01.nrl.0000162954.76053.d2.
Meierkord H, Holtkamp M. Non-convulsive status
epilepticus in adults: clinical forms and treatment.
Lancet  Neurol. 2007;6:329—39, http://dx.doi.org/10.
1016/51474-4422(07)70074-1.

Shorvon S. The outcome of tonic—clonic status epilepticus. Curr
Opin Neurol. 1994;7:93-5.

Abdel Baki SG, Omurtag A, Fenton AA, Zehtabchi
S. The new wave: time to bring EEG to the emer-
gency department. Int J Emerg Med. 2011;4:36,

http://dx.doi.org/10.1186/1865-1380-4-36.

Amengual-Gual M, Ulate-Campos A, Loddenkemper T.
Status  epilepticus  prevention, ambulatory = monitor-
ing, early seizure detection and prediction in at-risk
patients. Seizure. 2019;68:31—7, http://dx.doi.org/10.1016/
j.seizure.2018.09.013.

Johnson EL, Kaplan PW. Population of the ictal—interictal
zone: the significance of periodic and rhythmic


dx.doi.org/10.1111/epi.13121
dx.doi.org/10.1212/01.WNL.0000125184.88797.62
dx.doi.org/10.1006/ebeh.2000.0100
dx.doi.org/10.1017/CBO9780511526930
dx.doi.org/10.1016/j.neurol.2019.12.007
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0205
dx.doi.org/10.1212/CPJ.0b013e318278be75
dx.doi.org/10.1016/j.yebeh.2017.10.034
dx.doi.org/10.1111/epi.12270
dx.doi.org/10.1097/wnp.0000000000000806
dx.doi.org/10.1038/nrneurol.2016.45
dx.doi.org/10.1038/nrneurol.2016.45
dx.doi.org/10.1016/j.yebeh.2015.05.005
dx.doi.org/10.3390/diagnostics13061058
dx.doi.org/10.1007/s13755-020-00129-1
dx.doi.org/10.1136/practneurol-2017-001796
dx.doi.org/10.17712/nsj.2018.1.20170214
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0260
dx.doi.org/10.1038/s41592-019-0686-2
dx.doi.org/10.1097/01.nrl.0000162954.76053.d2
dx.doi.org/10.1016/S1474-4422(07)70074-1
dx.doi.org/10.1016/S1474-4422(07)70074-1
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
http://refhub.elsevier.com/S0213-4853(25)00104-5/sbref0280
dx.doi.org/10.1186/1865-1380-4-36
dx.doi.org/10.1016/j.seizure.2018.09.013
dx.doi.org/10.1016/j.seizure.2018.09.013

+Model

NRL-501938;

No. of Pages 11

Neurologia xxx (xxxx) 501938

25.

26.

27.

28.

29.

activity. Clin Neurophysiol Pract. 2017;2:107—18,
http://dx.doi.org/10.1016/j.cnp.2017.05.001.

Rodriguez Ruiz A, Vlachy J, Lee JW, Gilmore EJ, Ayer
T, Haider HA, et al. Association of periodic and rhyth-
mic  electroencephalographic  patterns  with  seizures
in critically ill patients. JAMA Neurol. 2017;74:181,

http://dx.doi.org/10.1001/jamaneurol.2016.4990.

Tatum WO, Husain AM, Benbadis SR, Kaplan PW.
Normal adult EEG and patterns of uncertain sig-
nificance. J Clin Neurophysiol. 2006;23:194—-207,

http://dx.doi.org/10.1097/01.wnp.0000220110.92126.a6.
Chong DJ, Hirsch LJ. Which EEG patterns warrant treat-
ment in the critically ill? Reviewing the evidence for
treatment of periodic epileptiform discharges and
related patterns. J Clin Neurophysiol. 2005;22:79-91,
http://dx.doi.org/10.1097/01.WNP.0000158699.78529.AF.
Goselink RJM, van Dillen JJ, Aerts M, Arends J, van Asch C, van
der Linden I, et al. The difficulty of diagnosing NCSE in clinical
practice; external validation of the Salzburg criteria. Epilepsia.
2019;60, http://dx.doi.org/10.1111/epi.16289.

Leitinger M, Beniczky S, Rohracher A, Gardella E,
Kalss G, Qerama E, et al. Salzburg consensus crite-
ria for non-convulsive status epilepticus — approach
to clinical application. Epilepsy Behav. 2015;49:158—63,
http://dx.doi.org/10.1016/j.yebeh.2015.05.007.

11

30.

31.

32.

33.

34.

35.

Leitinger M, Trinka E, Gardella E, Rohracher A, Kalss G,
Qerama E, et al. Diagnostic accuracy of the Salzburg
EEG criteria for non-convulsive status epilepticus: a
retrospective study. Lancet Neurol. 2016;15:1054—62,
http://dx.doi.org/10.1016/51474-4422(16)30137-5.

Krogstad MH, Hagenhaven H, Beier CP, Krgigard T. Nonconvul-
sive status epilepticus. J Clin Neurophysiol. 2019;36:141-5,
http://dx.doi.org/10.1097/WNP.0000000000000556.

Othman AS, Meletti S, Giovannini G. The EEG diagno-
sis of NCSE: concordance between clinical practice
and Salzburg Criteria for NCSE. Seizure. 2020;79:1-7,
http://dx.doi.org/10.1016/j.seizure.2020.04.010.

Chin RFM, Neville BGR, Scott RC. A systematic review of the epi-
demiology of status epilepticus. Eur J Neurol. 2004;11:800—10,
http://dx.doi.org/10.1111/j.1468-1331.2004.00943.x.
DelLorenzo RJ, Hauser WA, Towne AR, Boggs JG, Pellock JM, Pen-
berthy L, et al. A prospective, population-based epidemiologic
study of status epilepticus in Richmond, Virginia. Neurology.
1996;46:1029—35, http://dx.doi.org/10.1212/wnl.46.4.1029.
Hesdorffer DC, Logroscino G, Cascino G, Annegers JF,
Hauser WA. Incidence of status epilepticus in Rochester,
Minnesota, 1965—1984. Neurology. 1998;50:735—41,
http://dx.doi.org/10.1212/wnl.50.3.735.


dx.doi.org/10.1016/j.cnp.2017.05.001
dx.doi.org/10.1001/jamaneurol.2016.4990
dx.doi.org/10.1097/01.wnp.0000220110.92126.a6
dx.doi.org/10.1097/01.WNP.0000158699.78529.AF
dx.doi.org/10.1111/epi.16289
dx.doi.org/10.1016/j.yebeh.2015.05.007
dx.doi.org/10.1016/S1474-4422(16)30137-5
dx.doi.org/10.1097/WNP.0000000000000556
dx.doi.org/10.1016/j.seizure.2020.04.010
dx.doi.org/10.1111/j.1468-1331.2004.00943.x
dx.doi.org/10.1212/wnl.46.4.1029
dx.doi.org/10.1212/wnl.50.3.735

	EEG in nonconvulsive status epilepticus: The influence of clinical information
	Introduction
	Material and methods
	Patient selection
	EEG recordings
	Initial blind classification
	EEG interpretation with patient information
	Statistical analysis
	Standard protocol approval, registration, and patient consent
	Data availability

	Results
	Patient cohort
	Blind EEG interpretation
	Informed EEG interpretation
	Comparison between EEG interpretations before and after reviewing patient clinical information

	Discussion
	Blind EEG interpretation yields underwhelming performance
	EEG complemented with clinical data improves interpretation
	History of epilepsy and level of consciousness are directly linked to diagnosis of NCSE
	Limitations and pitfalls

	Conclusions
	Funding
	Conflicts of interest
	References


