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Abstract

Objectives: Since non-convulsive status epilepticus (NCSE) is a reversible cause of coma and/or change in consciousness in the neurological
intensive care unit (NICU), its early diagnosis and treatment are necessary. Continuous electroencephalography monitoring (cEEG) is an im-
portant diagnostic tool, but since access to cEEG may be limited, it is critical to choose which patients will be referred to cEEG for diagnosing
NCSE. In our study, we aimed to investigate patients with an unexplained altered level of consciousness who should be directed to cEEG ac-
cording to clinical features and emergency EEG (EmEEG) features.

Methods: In 40 consecutive patients who were admitted to the NICU and whose reason for the altered mental status could not be explained,
30 min EmEEG and cEEG starting in the first 24 h were performed and their clinical features, Glasgow Coma Score (GCS), four score (FS), and
prognosis were noted.

Results: The frequency of NCSE was 22.5%. cEEG did not detected NCSE in patients who were not diagnosed in the EmEEG. No causality
relationship was found between NCSE etiology, low GCS score, low FS, and the level of consciousness. The 55% of the NCSE patients had
minor motor movements. The poor prognosis was 55% in the NCSE patients, but it did not differ significantly from the non-NCSE patients.
In conclusion, EmEEG is a useful tool for NCSE screening in NICU patients at the early phase of changes in consciousness. Apart from minor
motor movements, clinical and history characteristics do not predict the high NCSE risk. The unfavorable prognosis is probably related to the
underlying etiology and is not affected by the presence of NCSE.

Conclusion: When there is no access to cEEG, EmEEG may be helpful for the diagnosis of NCSE in the early clinical period. The presence of
minor motor movements and EmEEG findings together can be useful tools to guide high-risk patients with NCSE to cEEG monitoring.
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Introduction (cEEG) may be necessary to diagnose, since non-convul-
sive seizures (NCSs) cannot be detected with clinical clues
in patients with an altered level of consciousness during an
acute neurological event or in a coma. However, obtaining
the cEEG for diagnosing NCSE can often be difficult due to
limited resources. Moreover, unnecessary use of cEEG re-
sources, especially for low-risk patients, will cause delays for
high-risk patients.

In the Neurological Intensive Care Unit (NICU) patients with
an unexplained altered level of consciousness, it is import-
ant to diagnose and treat non-convulsive status epilepticus
(NCSE) on time because a delay in treatment may result in
neuronal damage. Continuous electroencephalography

In comatose patients, 90% of the seizures recorded are
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Nérolojik Yogun Bakim Unitesinde EEG Monitorizasyonuyla Nonkonviilzif
Status Epileptikus Ozellikleri: ileriye Yonelik Bir Calisma

0z

Amag: Norolojik yogun bakim initesinde (NYBU), nonkonviilzif status epileptikus (NKSE) geri déniisiimlii bir koma ve/veya biling degisikli-
gi nedeni oldugu icin erken tani konulup tedavi edilmelidir. Devamli EEG monitorizasyonu (cEEG) gerekli olabilecek bir tani aracidir, ancak
cEEG'ye erisim sinirli olabileceginden, NKSE teshisi icin hangi hastalarin cEEG’ye yonlendirilecegini se¢mek kritiktir. Calismamizda, klinik &zel-
liklere ve acil EEG 6zelliklerine gore cEEG'ye yonlendirilmesi gereken agiklanamayan biling bozuklugu olan hastalari arastirmayi amacladik.
Gerec ve Yontem: Norolojik yogun bakim Unitesine kabul edilen ve bilin¢c bozuklugunun nedeni aciklanamayan 40 ardisik hastaya ilk 24 saatte
baslayan acil 30 dakikalik rutin EEG ve cEEG yapildi. Klinik 6zellikleri, Glasgow koma skoru (GKS), FOUR Skor (FS) ve prognoz not edildi.
Bulgular: Nonkonviilzif status epileptikus sikhigi %22.5'ti. Acil 30 dakikalik EEG'de NKSE saptanmayan hastalarda, cEEG de NKSE tespit etmedi.
Etiyoloji, diistik GKS skoru, duistik FS ve diistik biling diizeyi ile NKSE arasinda nedensellik iliskisi bulunmadi. NKSE hastalarinin %55‘inde minér
motor hareketler vardi. Kotii prognoz, NKSE hastalarinda %55'ti, ancak NKSE olmayan hastalardan istatistiksel olarak farkli degildi.

Sonug: Acil EEG, NYBU hastalarinda biling degisikliklerinin erken evresinde NKSE taramasi iin yararli bir aractir. Minér motor hareketler disinda,
klinik ve ge¢mis 6zellikler yliksek NKSE riskini 5ngérmez. Olumsuz prognoz muhtemelen altta yatan etiyoloji ile iliskilidir ve NKSE'nin varligin-
dan etkilenmez. cEEG'ye erisim olmadiginda, acil EEG, erken klinik donemde NKSE tanisi icin yardimci olabilir. Minér motor hareketlerin ve acil

EEG bulgularinin birlikte varligi, NKSE icin yiiksek riskli hastalari cEEG izlemeye yonlendirmek icin yararl araclar olabilir.

Anahtar sozcukler: Elektrografik nébet; nonkonviilziv ndbet; nérolojik yogun bakim; status epileptikus.

This study aims to better understand the risk factors, char-
acteristics, and prognosis of patients with NCSE in the NICU.
We hypothesized that NCSE may be underdiagnosed in
critically ill neurological patients. We aimed to investigate
the rate of predicting NCSE risk by clinical examination and
medical history, the rate of determining the diagnosis of
emergency short-term EEG (EmEEG) compared with the
CEEG taken in the first 24 h, and which patients should be
referred to cEEG.

Materials and Methods

The study was conducted in a prospective cohort aged 18
and over who were consecutively admitted to the NICU
within 7 months during the first 24 h of change in conscious-
ness. The protocol was approved by the ethical committee
of the Ege University, Faculty of Medicine (no: 11-1.1/13),
and it complied with the Declaration of Helsinki. Informed
consent was obtained from the legal parents of all patients.

Emergency EEG (EmEEG) for 30 min within the first 2 h of
consciousness change, and cEEG monitoring for at least 12
h, which starts within the first 24 h, was performed to all
patients. When EEG was indicated, the EEG recordings were
conducted digitally at the bedside with the NicoletOne EEG
device. EEG was placed with scalp electrodes according to
the international 10-20 system. The recordings were evalu-
ated using standard electrophysiology criteria by a neuro-
physiologist who knew the patient’s clinical condition and
history.

Patient Selection- Patient selection was made according
to the following criteria:
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1. Patients who are admitted to the NICU with an unex-
plained altered level of consciousness

2. The NICU patients whose level of consciousness did not
return to baseline after the appropriate treatment of
clinical epileptic seizures

3. The NICU patients with an altered level of consciousness
unexplained by their hospitalization diagnosis.

Clinical, demographic, electrophysiological findings, histo-
ry of previous epileptic seizures, epilepsy risk factors, and
prognostic features were noted. All patients were examined
by cranial MRI, metabolic profile, and, when necessary, ce-
rebrospinal fluid (CSF) examination to investigate the eti-
ology of the altered level of consciousness. Patients who
had a convulsive SE after the change in consciousness and
patients whose decreased level of consciousness recovered
spontaneously were excluded from the study.

Electroencephalogram Classification- EEG findings were
categorized according to the American Society of Clinical
Neurophysiology’s standardized critical care EEG termi-
nology:® (i) Normal; (i) slowing and asymmetry (rhythmic
delta activities, generalized, bilateral independent, and
non-rhythmic theta/delta slowing); (iii) sharp and wave
(spike and wave, multiple spike and wave, and sharp and
wave); (iv) periodic discharges (generalized periodic dis-
charges, lateralized periodic discharges, and bilateral inde-
pendent lateralized periodic discharges); (v) ictal patterns
(NCSE and electrophysiological seizures); (vi) burst suppres-
sion; and (vii) electrocerebral silence.

The diagnosis of NCSE was made according to the previous-
ly defined criteria, and the following diagnostic criteria were



used: Frequent or continuous focal electrographic seizures
in the form of an ictal pattern with changes in amplitude,
frequency, and/or spatial distribution; frequent or contin-
uous generalized spike and wave discharges in patients
with no previous history of epilepsy syndrome; frequent or
continuous generalized spike and wave discharges with sig-
nificant changes in intensity or frequency (usually a faster
frequency) compared to baseline EEG in patients with a his-
tory of epilepsy syndrome; and periodic discharges devel-
oped in patients in coma following generalized tonic-clonic
SE.”I The seizures were clinically determined as convulsive
or non-convulsive. NCSE subtypes were defined according
to their clinical and electrophysiological characteristics.!'”
After the completion of our study, it was recommended to
use Salzburg Criteria in the diagnosis of NCSE to better dis-
tinguish false-positive cases in 2015, and the reliability of
the criterion was shown in subsequent studies.!'"!

Clinical Evaluation- The etiology that might be responsi-
ble for SE etiology was classified according to ILAE recom-
mendations: Acute symptomatic (first 7 days; acute exten-
sive ischemic stroke, acute cerebral hemorrhage, acute CNS
infection, severe systemic infection, chronic renal failure re-
quiring dialysis, and metabolic disorder), remote symptom-
atic (old trauma, old stroke, old CNS infection, and demen-
tia), progressive symptomatic, SE in defined electroclinical
syndromes, and cryptogenic.l'”

The patients’ level of consciousness was classified as: (1)
Awake confused; (2) lethargic (inducible and responsive); (3)
stupor (inducible but unresponsive); and (4) coma. Glasgow
Coma Score (GCS) and four score (FS) were used to evaluate
the level of consciousness during EEGs. Ocular movement dis-
orders such as nystagmus, eye deviation, subtle twitches, and
automatisms in the face and extremities that were observed
clinically during monitoring were noted in the case file.

Failure to respond despite the administration of IV benzo-
diazepine (BZD) followed by at least one sufficient dose of
proper antiepileptic treatment, and the continuation of the
SE episode was defined as “resistant SE"'? “Super-resistant
SE” was defined as persistent or recurrent SE 24 h after the
anesthetic drug initiation, or recurrent SE when the anes-
thetic drug was reduced. The management of the patients’
medication was done by the NICU physicians; the research-
ers did not interfere with the treatment.

The prognosis was evaluated as favorable and unfavorable.
The partial or complete level of consciousness with func-
tional improvement at discharge (at least providing func-
tional performance in daily life activities) was included in
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the favorable prognostic group; and patients who could not
achieve neurological improvement at discharge, who were
completely dependent on daily life activities, or who died
constituted the unfavorable prognostic group.

The main purpose of this study was to determine the fre-
quency of NCSE in the NICU and the relationship of NCSE
with etiological factors and poor prognosis. Data were col-
lected and analyzed in terms of etiology, clinical and EEG
features, and prognosis of the patients according to the
presence of NCSE.

Statistical Analysis— For comparison, patients were divid-
ed into two groups as NCSE and non-NCSE. The distribution
of the data was analyzed with the Kolmogorov-Smirnov
test. Mann-Whitney U-test was used to analyze quantita-
tive data. The qualitative data analyzed with Chi-square test;
Fisher’s test was used when Chi-square conditions were not
met. Logistic regression analysis was performed to investi-
gate causality and the results were given as odds ratio (OR).
SPSS 21.0 program was used in the analyses.

Results

Consecutive 45 patients were enrolled in the study. After
the first EEG, five patients (one patient died, one had de-
compression operation, one had convulsive SE, and two pa-
tients’ level of consciousness returned to baseline sponta-
neously) were excluded from the study. The average age of
40 patients was 60.8 years (19-88 years) and 24 (60%) were
women. NCSE was detected in 9 (22.5%) of the patients.
The average age of patients with NCSE was 54 years and
78% were women. In the NCSE and non-NCSE patients, the
age and gender distribution, the presence of epilepsy, and
the rates of epileptic seizures just before the altered level
of consciousness were similar (Table 1). The most common
NICU hospitalization diagnoses were ischemic stroke (30%),
toxic/metabolic encephalopathy (17.5%), and structural
brain lesions (17.5%) (Table 2).

EEG Features- EEG was indicated in 17 of the patients
(42.5%) because the level of consciousness did not return to
baseline after epileptic seizure and 23 (57.5%) of them had
unexplained decreased level of consciousness in the form
of agitation, stupor, or sudden deterioration in neurological
condition. Median duration of cEEG was 29.1 h, 24 (60%) pa-
tients had EEGs longer than 24 h; the longest times were 3
days, 5 days, and 1 week.

The EEG findings were all abnormal. Table 3 shows the EEG

patterns of the patients. NCSE was detected in 22.5% (9/40)
of the patients. When EEGs were reevaluated retrospectively,
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Table 1. Demographic and clinical characteristics of patients

NCSE (n=9) Non-NCSE (n=31) o] OR
Age’ 54+20.6 63 +£17.7 0.18
Sex™
Female/male 78%8 (7)/ 22% (2) 55% (17)/45% (17) 0.21
Preexisting epilepsy™ 11.1% (1) 3.2% (1) 0.33 3.75
Seizure before administration™ 66.7% (6) 35.5% (11) 0.09
Focal motor 22.2% (2) 9.6% (3) 0.32 2.66
Generalized tonic clonic 44.4% (4) 25.8% (8) 0.28 2.30
Awareness level on EEG day**
Confusion 33.3%(3) 16.1% (5) 0.48
Lethargic 11.1% (1) 32.3% (10)
Stupor 44.4% (4) 35.5% (11)
Coma 11.1% (1) 16.1% (5)
GCS on EEG day” 9+3.54 9.74+£3.49 0.57
GCS<8™ 33.3% (3) 22.6% (7) 0.51 1.7
FS on EEG day’ 11.44+3.36 12.16%3.22 0.56
FS<8™ 22.2% (2) 16.1% (5) 0.67 1.4
Minor motor activities™ 55.6% (5) 25.8% (8) 0.09 3.59
ICU hospitalization etiology™
Ischemic stroke 11.1% (1) 35.5%(11) 0.13 0.22
Intracerebral hematoma 0% (0) 12.9% (4) 0.99 0.0
CNS infection 22.2% (2) 6.4% (2) 0.19 4.1
Convulsive SE 11.1% (1) 3.2% (1) 0.36 37
Encephalopathy 11.1% (1) 19.4% (6) 0.57 0.52
Other 44.4% (4) 22.6% (7) 0.20 2.7
Unfavorable outcome™ 55.6% (5) 71% (22) 0.38 0.51
Mortality 44.4% (4) 54.8% (17) 0.58
New neurological deficits at discharge™ 22.2% (2) 22.5% (7) 0.98
Returning to the initial neurological state™ 33.3% (3) 25.8% (8) 0.68

"Mann-Whitney U test; “Chi-square test; “"Univariate logistic regression analysis. NCSE: Non-convulsive status epilepts; EEG: Electroencephalography; CNS:
Central nervous system; GCS: Glasgow Coma Score; ICU: Intensive care unit.

all of those diagnosed with NCSE met NCSE criteria accord-
ing to the Salzburg Criteria: 5 (55.5%) patients had a rhyth-

Among the NCSE patients, 55.5% (5/9) did not have sei-
zures after the first AED treatment, 22.2% (2/9) had a su-

mic periodic pattern with a frequency >2.5 Hz; 4 had a <2
Hz rhythmic periodic pattern with typical evolution (Table 4).

Of the nine cases diagnosed with NCSE, two had enceph-
alitis, two had structural brain lesions, one had metabolic
encephalopathy, one patient with epilepsy had convulsive
SE before the consciousness alteration, and two patients di-
agnosed as de novo absence SE by observing typical 3-4 Hz
spike wave activity in EEGs (Table 2). Patients with de novo
absence SE had no history of childhood epilepsy, psycho-
tropic drug or toxin exposure, or drug withdrawal, and their
brain MRIs and CSF examinations were normal.

The onset of NCSEs observed on EEG was 67% (6/9; 4 fron-
tal, 2 temporal origin) focal and 33% (3/9) generalized.
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per-resistant NCSE pattern, and 33.3% (3/9) had recurrent
NCSE. Patients whose 30 min EmEEG recordings showed
no signs of NCSE were also not diagnosed with NCSE after
a cEEG monitoring.

NCSE Clinical Features- Between the NCSE and non-NCSE
patients, no statistically significant difference was found in
the level of consciousness at the time of administration,
the GCS and FS scores at the time of EEGs, and presence of
minor motor movements at the time of administration/fol-
low-up (Table 1). The sensitivity of minor motor movements
for NCSE was 55%, but it was not statistically significant
(p=0.096). There were 17 (42.5%) patients with decreased
consciousness beginning with convulsive seizures. Howev-
er, among these 17 patients, there was no statistically sig-



Table 2. Intensive care admission diagnosis of all
patients. Other structural brain lesions
include etiologies other than stroke and
encephalitis that can be demonstrated by
imaging methods such as white matter
diseases, brain metastases, and central
nervous system lymphoma. After the
follow-up of the patients with unexplained
changes in consciousness, two patients
were diagnosed with de novo absence
status epilepticus, and two patients without
NCSE diagnosed with possible variant
Creutzfeldt-Jakob disease

Intensive care admission diagnosis All NCSE
patients patients
n (%) n (%)

Ischemic stroke 12 (30) 1(8.3)
Toxic/metabolic encephalopathy 7(17.5) 1(14.2)
Central nervous system infection 4(10) 2 (50)
Convulsive status epilepticus 2 (5) 1(50)
Hemorrhagic stroke 4(10) 0(0)

Other structural brain lesions 7(17.5) 2(28.5)
Impaired consciousness of 4(10) 2 (50)

unknown cause

NCSE: Non-convulsive status epilepticus.

Table 3. Distribution of electroencephalography
characteristics of all patients

No. (%)
Normal 0(0)
Slow and asymmetry 40 (100)
Sharp and wave 6(15)
Periodic discharges 2(5)
Ictal pattern/NCSE 9(22.5)
Burst suppression 0(0)
Electrophysiologic silence 0(0)

NCSE: Non-convulsive status epilepticus.

nificant difference between NCSE and non-NCSE groups in
diagnosing NCSE (Table 1).

When the distribution of NCSE subgroups was examined;
80% (4/5) were classified as focal NCSE, 33% (3/9) absence
NCSE, and 22% (2/9) NCSE with coma. Unilateral minor mo-
tor movements were clinically accompanying in 60% (3/5)
of patients with focal NCSE (Table 4).

BZD or antiepileptic treatment was not given to any patient
before an emergent EEG. Two patients were already using
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Table 4. Clinical and EEG characteristics of NCSE patients

Super-resistant  Outcome

Salzburg consensus Recurrent

NCSE
subtype

Seizure before Awareness Minor motor

Acute medical

Age/
sex

SE

NCSE

criteria for NCSE
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level
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daily routine antiepileptic drugs due to the diagnosis of
epilepsy at admission. When the treatment response of the
NCSE patients was evaluated; NCSE was terminated after
BZD in 44.4% (4/9) of the patients and after the second an-
tiepileptic drug in 44.4% (4/9), butin 11.1% (1/9), NCSE con-
tinued despite advanced treatments (super-resistant NCSE).
In 44.4% (4/9) of the cases, NCSE recurred for the second
time, and, at second NCSE period, 22.2% (2/9) of the cas-
es recovered with BZD but 22.2% (2/9) had super-resistant
NCSE (Table 4). Totally, super-resistant NCSE was observed
in 33.3% (3/9; 1 encephalitis, 2 de novo absences). The elec-
trophysiological response of the patients who responded to
the treatment to the antiepileptic drug started in the first 15
min, but the clinical recovery of their cognition varied from
2hto12h.

While the unfavorable prognosis rate was 55.5% (5/9) in the
NCSE patients, it was 71% (7/31) in the non-NCSE group.
When the two groups were compared, the presence of
NCSE was not associated with an unfavorable prognosis
(Table 1). The rates of new neurological deficits at discharge
and the rates of returning to baseline neurological status
after discharge were similar in the NCSE and non-NCSE pa-
tients (Table 1).

The mortality rate was 44.4% (4/9) in the NCSE patients
which was no different than non-NCSE patients. One of the
NCSE patients who died had CNS lymphoma. The remain-
ing three patients who died were those who had super-re-
sistant NCSE, despite burst suppression with an anesthetic
agent, and died due to disseminated intravascular coagu-
lopathy after a hospital infection. Mortality rates did not dif-
fer significantly between generalized onset (66.6%; 2/3) and
focal onset (33.2%; 2/6) NCSE. The GCS and FS scores of the
NCSE patients were not causally related to the prognostic
outcomes of the patients. There was no significant differ-
ence between the length of hospital stay of the NCSE and
non-NCSE patients.

Discussion

In our study, the incidence of NCSE was 22.5% in the NICU
patients with an unexplained altered level of consciousness.
cEEG did not detect NCSE in patients who were not diag-
nosed in the 30 min EmEEG. The demographic features (age,
sex, and preexisting epilepsy), etiologic factors, and clinical
outcomes were not different from the non-NCSE group. The
patient’s initial low GCS and FS scores and decreased level
of consciousness did not indicate the presence of NCSE. Mi-
nor motor movements were observed in more than half of
the patients with NCSE. The rate of poor prognosis is high,
but it does not differ between patients with and without
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NCSE (55.6% and 71%, respectively). Finally, the low GCS
and FS scores at administration do not predict prognosis.
The incidence of NCSE in our study is consistent with the
incidence reported in the range of 8-31% in comatose and
critically ill patients in previous prospective and retrospec-
tive observational studies.?*'*'® When evaluated specif-
ically in the NICU, the frequency of seizures increases, al-
though it varies depending on the intensity of monitoring.
In patients who became comatose following convulsive SE,
the frequency of NCSE/NCS increases up to 48%.1'"

cEEG is an important diagnostic tool for NCSE. Twenty-four
hours cEEG monitoring for NCSE screening in non-coma-
tose patients with an altered level of consciousness and 48 h
cEEG monitoring in comatose patients are recommended.?
However, it is not practical to record a cEEG for every patient
with an altered level of consciousness. When all ICU patients
undergoing EEG monitoring were analyzed retrospectively,
it was reported that cEEG was more effective than routine
20 min EEG in diagnosing NCSE.®! Furthermore, when the
cEEG recordings were extended to 7-10 days after traumat-
ic brain injury, NCS was found in 52% of intensive care pa-
tients."® In NICU, Narayanan and Murthy prospectively ex-
amined all patients with the altered level of consciousness
and reported that EmEEG is not as specific as cEEG in terms
of diagnosing NCSE." In our study, no difference was found
between EmEEG and cEEG in terms of diagnosing NCSE in
patients with an unexplained altered level of consciousness
in NICU. The reason for this can be explained by the rela-
tively shorter duration of cEEG monitoring in our cases and,
unlike the previous studies, diagnoses that increase the risk
of seizures such as hypoxic encephalopathy, traumatic brain
injury, and brain abscess was not found in our study popula-
tion, but only primary neurological diseases were included.

Due to limited resources (e.g., a single device), it should
be chosen which patients should be prioritized for cEEG
monitoring. Therefore, EMEEG may become a useful utility
tool for patients with altered mental status. In retrospective
evaluation, although a short-term EmEEG can only diag-
nose 10% NCSE in the general patient group,?” it can diag-
nose 2 times more in ICU patients compared to ward pa-
tients,?" however, in selected cases in NICU, EmEEG is 96.3%
useful for NCSE.?? In addition, the early emergence of NCSE
in critical patients in NICU also increases the importance of
EmEEG. It should be noted that retrospective cEEG studies
have shown the first NCS in 58-74% of critically ill patients
in the first 30 min,’?* in 56-73% in the 1st h after the
change in consciousness,*s and 66-93% in the first 12 h 619
In our patient group, an EmEEG was performed as soon as
unexplained altered level of consciousness occurred and



the similar detection rates in EmEEGs and cEEGs were ob-
served due to EmEEG scans were recorded in the early pe-
riod, approximately within the first 2 h after the beginning
of change in consciousness. Nevertheless, our findings in-
dicate that EmEEG can be quite stable in diagnosing NCSE
in the early period and suggest that EmEEG can be helpful
in cases where cEEG monitoring opportunities are limited.

Interictal EEG findings are associated with the likelihood
of seizures. For this reason, EmEEG can continue to be a
helpful tool when it fails to diagnose NCSE. While the back-
ground activity is normal in EEG, the seizure probability de-
creases. The loss of reactivity on EEG, epileptiform discharg-
es, lateralized rhythmic delta activities, periodic lateralizing
discharges, short potentially ictal rhythmic discharges, and
a burst suppression pattern increase the likelihood of sei-
zures.[2225-271 Recently, after 1 h of EEG monitoring for NCSE
risk factor, 24 h cEEG monitoring was recommended for pa-
tients who has 2 points or more in the 2HELPS2B scale which
scores EEG features and clinical findings and if the score is O,
no cEEG is required.?® Although interictal changes may be
associated with the likelihood of seizures, we could not find
such a relationship between interictal changes and NCSE in
our findings.

Studies examining similar patient groups have shown that
clinical features such as eye deviation, nystagmus, or twitch-
ing in the NCSE patients are more likely than other causes
of impaired consciousness.'*? Therefore, it is thought that
the presence of minor motor movements may be useful in
selecting patients for EEG, but no clinical feature has been
found to have high sensitivity and specificity for NCSE. In
our study, although it does not differ significantly from the
non-NCSE patients, the presence of accompanying minor
motor movements in more than half of the NCSE patients
supports that it can be used as a clinical clue for choosing
who to have an EmEEG among patients with a decreased
level of consciousness.

A high risk of NCSE association with a history of epilepsy,
previous CNS infection, and past CNS tumors has been re-
ported, and in addition, acute cerebral events such as isch-
emic stroke, intracerebral hemorrhage, and CNS infection,
and traumatic brain injury are frequently associated with
NCSE.243%1 Furthermore, coma has been defined as one
of the clinical parameters associated with the NCSE occur-
rence.22421 Although ischemic stroke, intracerebral hem-
orrhage, and structural brain lesion diagnoses are frequent
reasons for hospitalization in our NICU, no causality rela-
tionship was found between the increased NCSE risk and
etiological factors in our study. Similarly, although coma
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was reported as an independent predictor of NCSEs in ICUs,
we could not find a correlation between lower GCS or FS
scores and NCSE occurrence.

In NCSE, it is not clear whether the seizures are a biomarker
of severe brain damage or whether the seizures themselves
contribute to the poor prognosis. The first opinion is that
the main determinant of prognosis in NCSE depends on the
underlying etiology,**" especially potentially fatal ones.
82331 Acute stroke has been shown to be associated with a
worse prognosis compared to other etiologies.>*** More-
over, in patients with NCSE after SAH, mortality may exceed
80%.3¢37 On the contrary, remote symptomatic causes com-
pared to acute symptomatic NCSE cases,*® and NCSE asso-
ciated with epilepsy compared to NCSE associated with oth-
er serious medical problems**? has lower mortality rates.
The other opinion has advocated that the presence of NCS/
NCSE in comatose patients reflects severe brain damage
and carries a high mortality risk.®¥ In addition, few studies
have suggested that increased seizure burden independent
of etiology is the main determinant of poor prognosis.“04

The mortality rates of NCSE patients in the ICU have been
reported as 20-57% and as the initiation time of treatment
is delayed for more than 3 h, the mortality and poor func-
tional outcome increase.*¥ Furthermore, it was found that
NCSE patients had higher mortality rates than non-NCSE
patients and the NCSE mortality correlated to the severity
of coma.™ In our study, the unfavorable prognosis is 67.5%
in the whole population and the death rate is relatively high
(52.5%).This may be due to the underlying pathology being
more severe or more advanced in patients with impaired
consciousness of unknown cause. Furthermore, in NCSE pa-
tients, there was no causality relationship between low GCS
and FS scores and the prognosis. We found that the unfa-
vorable prognosis rates of the NCSE and non-NCSE patients
and returning to the initial neurological state at discharge
were similar, which supports that the underlying etiology,
not the presence of NCSE, affects the prognosis. Since we di-
agnosed and treated patients early, we could not determine
the effect of NCSE on prognosis. Therefore, we may only
have seen the effect of primary etiology, which is the reason
for the patients’admission to the NICU, on prognosis.

In our study, NCSE patients were classified as 55% focal on-
set and 45% generalized onset NCSE according to EEG fea-
tures. Classification of NCSE subtype is important as it will
be a guide in terms of treatment selection and prognosis.
While lateralizing NCSE was observed most frequently in
50% of the studies, approximately one-fourth of the pa-
tients could not be classified because of altered EEG char-
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acteristics in delayed diagnosis.'” It is thought that 1-6%
of NCSEs consist of absence and 44% of focal NCSE with
impaired consciousness.*¥ Although focal NCSE with im-
paired consciousness has high mortality and morbidity in
acute disease, the need for aggressive treatment remains
unclear. Recurrent seizures may increase the metabolic
demand of the brain and cause neuronal loss." Therefore,
treating NCSE can reduce these harmful effects." If NCSE
can be demonstrated to cause brain damage, an aggressive
treatment decision can be made. Otherwise, an aggressive
treatment may increase NCSE morbidity.“? As we could not
find a relation between the causes of death of our patients
and NCSE treatment, our observation of NCSE treatment
response seems to support aggressive treatment, however,
the treatment decision should be made according to the
balance of benefits and side effects.

Our study has some limitations. The first is the low number
of patients. Second, while most of the patients had a cEEG
for more than 24 h, some cEEGs (16/40, 40%) could not be
extended to 24 h due to a lack of resources; therefore, maybe
we could not diagnose a case or two. Especially in the case of
unexplained coma, cEEG for longer than 24 h may increase
the probability of detecting seizures and should be preferred
for the NICU patients with risk of NCSE. The strength of our
study is that patients were observed prospectively. We were
able to document patients’ clinical examinations, their re-
sponse to treatment, and follow-up the results clinically.

Conclusion- EmEEG is a useful tool for NCSE screening in the
NICU patients in the early phase of changes in consciousness.
Low GCS or FS scores of the patients, epileptic seizures before
admission to the NICU, the decreased level of consciousness
at administration do not predict the presence of NCSE. In the
presence of minor motor activity in a patient hospitalized in
the NICU, the high risk of NCSE should be considered. The un-
favorable prognosis of the patients at discharge or the forma-
tion of new neurological deficits probably depends on the
underlying etiology and is not affected by the presence of
NCSE. When there is no possibility of cEEG, early EmEEG with
clinical suspicion of NCSE may be helpful for the diagnosis of
NCSE. The presence of minor motor movements and EmEEG
findings together can be useful tools to guide the high-risk
NCSE patients to cEEG monitoring in NICU.
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