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1 DEFINICIONES

1.1 DEFINICIÓN DE EPILEPSIA

-

alguna de las siguientes condiciones:

• -

• 

• 

porcentaje de casos, especialmente en algunos síndromes iniciados en la infan-

-

adolescencia. 
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-

sentando CE a pesar de haber estado en tratamiento con un mínimo de dos FAC 

a dosis correctas durante al menos 6 meses.

1.2 DEFINICIÓN DE CRISIS EPILÉPTICA

-

-

en la Figura 1.

-

-

crisis focales, por otro lado, se originan dentro de redes neuronales localizadas 

-

-



1 DEFINICIONES 37

la Liga Internacional contra la Epilepsia. 

Adaptada de
por R.S. Fisher,
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1.3 DEFINICIÓN DE CRISIS EPILÉPTICA 
SINTOMÁTICA AGUDA

la Tabla 1. 

-



1 DEFINICIONES

Enfermedad cerebrovascular 7 días

7 días

7 días

Cirugía intracraneal 7 días

Hematoma subdural Mientras dure el sangrado agudo

Mientras dure el sangrado agudo

7 días

Malaria

Mientras dure el tratamiento

VIH -

días de la recaída

Enfermedades autoinmunes

Durante el consumo

benzodiacepinas
Desconocido

Cocaína, crack, anfetaminas, inhalantes Mientras se detecten sus metabolitos en 
sangre u orina

Fiebre Ta oC, normalmente en menores 

Adaptada de por E. Beghi et al.  
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1.4 DEFINICIÓN DE CRISIS EPILÉPTICA EN 
ACÚMULOS

crisis iniciadas en un periodo inferior a 8 horas provienen de un mismo foco 

o al menos del mismo hemisferio. Basado en esta premisa, muchos estudios 

-

-

paciente para adaptarnos a ello, especialmente en pacientes con epilepsia 

farmacorresistente.

1.5 DEFINICIÓN DE CRISIS DE ALTO RIESGO
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1.6 DEFINICIÓN DE CRISIS EPILÉPTICA URGENTE

-

, por I. 

, por L.J. Hirsch et al., 2021, J Clin 

-
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1.7 DEFINICIÓN DE ESTADO EPILÉPTICO

-

-

-



1 DEFINICIONES

EE convulsivo 5 min 30 min

10 min 60 min

 
o EE de ausencias

10 min Desconocido

Adaptada de 

, por 

-

Existen algunas puntualizaciones importantes: si el paciente presenta una crisis 

del 

-

clínicos, se debe considerar como un posible EE electroclínico.
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-

• -

• 

• 

-
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2 ESTADO EPILÉPTICO

2.1 EPIDEMIOLOGÍA Y COSTES

1000 personas.

30 minutos hasta los 5 minutos actuales para crisis generalizadas convulsivas. 

posteriormente. 

-
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-

2.2 FISIOPATOLOGÍA

-

-
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-

escenario para una potencial crisis anormalmente prolongada. Estos cambios 

-

-

A

A

-
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A

B

una baja permeabilidad de Ca2+. El receptor GABAA se encuentra ampliamente distribuido en la 
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Adaptada de 

Encontramos dos fases como parte de un 

-
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-

-

una elevada demanda de energía desencadena en un aumento del metabolismo 

-

-

-

-

-

-
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-

-

instancia, la muerte. 

-

taremos en un apartado aparte.

Se ha demostrado, tanto en estudios con animales como en humanos, la muerte 

-

-

patología de base o sistemas inmaduros.

-

-
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2.3 CLASIFICACIÓN SEMIOLÓGICA

-

• Etapa 1 o temprana.

• Etapa 2 o establecida, tras el fallo de una primera línea de tratamiento 

con BZD.

• 

• 

-

consecuencias a largo plazo del EE.

estar disponible. 
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Liga Internacional contra la Epilepsia. 

Adaptada de 
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-

-

-

Estos dos grandes grupos, con presencia o ausencia de síntomas motores pro-

-

2.3.1 Estado epiléptico con síntomas motores prominentes

2.3.1.1 Estado epiléptico convulsivo o tónico-clónico

-
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-

ver Tabla 3.

 EEG

I

II

III

IV
intervalos de electrodecremento

V Paciente en coma

Adaptada de 
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2.3.1.2 Estado epiléptico mioclónico

-

-

-

-

epilepsia. Ver Figura 7.
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1s

en hemisferio derecho. 

2.3.1.2.1 Estado epiléptico mioclónico con coma

-
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1 s

regiones frontales

2.3.1.2.2 Estado epiléptico mioclónico sin coma

-

-
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-

-

2.3.1.3 Estado epiléptico focal motor 

2.3.1.3.1 Crisis focales motoras repetidas 

-

conoce como marcha Jacksoniana.

2.3.1.3.2 Epilepsia parcial continua

-

-



2 ESTADO EPILÉPTICO 61

-

hasta en un 20% de los casos. En general, responde mal a FAC, se han reportado 

2.3.1.3.3 Estado epiléptico oculoclónico 

-

2.3.1.3.4 Estado epiléptico inhibitorio (paresia ictal)
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-

2.3.1.4 Estado epiléptico tónico

mantenimiento de la postura de forma prolongada. Las crisis pueden involucrar 

-

el síndrome de Lennox Gastaut.

2.3.2 Estado epiléptico no convulsivo o estado epiléptico sin 
síntomas motores prominentes

2.3.2.1 Estado epiléptico no convulsivo con coma

-

-

-
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-

-

-

mas como nistagmo, clonías o mioclonías focales leves tanto faciales como en 

70  
1 s 
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-

-

2.3.2.2 Estado epiléptico no convulsivo sin coma

2.3.2.2.1 Estado epiléptico no convulsivo generalizado: ausencias típicas, 
atípicas, ausencias mioclónicas

-

-

dariamente generalizada como el síndrome de Lennox Gastaut. 

. Lo 

-

presentar síntomas motores como parpadeo rítmico, clonías faciales, mandibu-

-
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-

Se han descrito EENC de ausencia -

-

2.3.2.2.2 Estado epiléptico no convulsivo focal

2.3.2.2.2.1 Estado epiléptico no convulsivo focal sin alteración del nivel de 
conciencia

-

-

-

2.3.2.2.2.2 Estado epiléptico no convulsivo afásico

-
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-

-

10.

 

Registro EEG en paciente con afasia. 

-

2.3.2.2.2.3 Estado epiléptico no convulsivo focal con alteración del nivel 
de conciencia
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-

o estupor. 

Alrededor de un 25% de todos los episodios de EE son no convulsivos o sin 

2.4 ICTAL INTERICTAL CONTINUUM 

ictal a uno interictal, o viceversa. Estos patrones pueden estar relacionados con 
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-

1 s
70 

.



2 ESTADO EPILÉPTICO

2.5 DIAGNÓSTICO 

2.5.1 Diagnóstico clínico

-

como el inicio del tratamiento. 

-

-

de el inicio del episodio. Para ello, es imprescindible una alta sospecha clínica, 

del tratamiento.

En cuanto a biomarcadores se ha demostrado la presencia de niveles elevados 

-
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2.5.1.1 Escala ADAN

-

-

adecuado.

Escala ADAN

Lenguaje Anormal No
Sí

0
1

No
Sí

0
1

No
Sí

0
1

0-1
2

>2

0
1
2

Total 0-5

Adaptada de , 
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2.5.1.2 Escala STESS y mSTESS

-

conciencia, ver Tabla 5. Los autores se plantean la posibilidad de administrar 

Escala STESS, 

Nivel de conciencia 0

Estupor o coma 1

Ausencia, Mioclonía, Focal 0

1

EENC en coma 2

Edad 0

2

Historia previa de 
epilepsia

Sí 0

No o desconocida 1

Total 0-6

 Adaptada de , 



I. INTRODUCCIÓN72

Nivel de 
conciencia

0

Estupor o coma 1

Tipo de 
crisis

0

1

2

Edad 0

2

Historia 
previa de 
epilepsia

Sí 0

No o desconocida 1

Escala mRS 0

1

2

Total  0-8

Adaptada de 

2.5.2 Diagnóstico etiológico
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-

-

-

-

La neuroimagen, especialmente la estructural, nos puede orientar a realizar el 

Entre las agudas encontramos la anoxia, hipoxia, patología cerebrovascular, 

-

o tumores, ver Tabla 7.
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-

Patología cerebrovascular

Hemorragia intracerebral o subaracnoidea

Anoxia-hipoxia

Tumores intracraneales

Adaptada de 

, por E. Johnson et al., 2000, Semin 

-

Tabla 8.
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Enfermedad de Alpers, MELAS, MERRF, NARP, MSCAE, síndrome de Leigh

Bacterianas
, , 

, shigelosis, 
Víricas

Otros
Enfermedad de Creutzfeldt-Jakob, paracoccidioidomicosis, paragonimiasis, 
mucormicosis

hemimegalencefalia

Síndrome Sturge Weber, esclerosis tuberosa
Otras

-
vas, CADASIL

-

Adaptada de , por Tan et al., 
.
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2.5.3 Diagnóstico EEG 

-

-

en ocasiones los podemos encontrar en otras patologías. Con los criterios de 

interictales. Se había reportado una concordancia interobservador en la lectura 

-

-



2 ESTADO EPILÉPTICO 77

• 

 - -

 -
-

• 

 -
pero no clínica o 

 -

-

viamente descritos.

incremento de voltaje o cambio de frecuencia, la presencia de cambios en el 

-

menos dos cambios secuenciales en la misma categoría: morfología, frecuencia 

electrodos diferentes del sistema 10-20. 

-



I. INTRODUCCIÓN78

•

•

-

-

intravenoso
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-
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-

-

7
1s

-
terios de Salzburg.
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-

-

antecedente de CE para así establecer el riesgo de presentar nuevas crisis. Las 

-
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inicial por EEG.

2H: frecuencia >2Hz
E: 
independientes aisladas
L: patrones lateralizados o 
rítmicos

 antecedente de crisis 

2B: Descargas ictales 
-

dos, no se considera crisis 

0

1 12%

2 27%

3 50%

73%

5+ 88%

Adaptada de 

2.5.4  Diagnóstico por neuroimagen

el servicio de urgencias. Tanto en pacientes con CE  como con EE nos 

Y, por otro lado, tenemos la imagen funcional, como son algunas secuencias de 

-

-
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EE previo al establecimiento de lesiones estructurales permanentes.

Disponibilidad Horario laboral Horario laboral Horario laboral

Riesgos
renal,  alergia 
contraste, 
embarazo

Alergia al 
contraste, no es 
necesario si ASL

Embarazo Embarazo

Valora Alteraciones 
estructurales, 
edema, 

Metabolismo

Sensibilidad 100% si 80% 80.5% †

80% si  100% 

† Datos obtenidos de nuestro estudio.
-

FLAIR: .
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un aumento regional del metabolismo en pacientes con EENC mediante tomo-
18

Hiperintensidad ictal o 

ictal

FDG-PET Hipermetabolismo ictal
Hipometabolismo interictal

-
mo celular

Adaptada de , por R.M. Guerriero, 

18
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2.5.4.1 Tomografía computarizada de perfusión

-

-

-

territorio de la arteria cerebral media a la altura de los ganglios basales. Este 
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CBF

Penumbra en el Normal o levemen-
te aumentado

Disminuido Aumentado

Core en el ictus Disminuido Marcadamente 
disminuido

Aumentado

Normal o 
aumentado

Normal o 
aumentado

Normal o 
disminuido

Normal Normal Normal

Normal Normal Normal

Adaptada de 

-

-

crucial comprender este mecanismo para no confundirlo con un posible evento 

-

-
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A                                          B                                           C                                     D

 

-

2.5.4.2 Resonancia magnética

• -
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• 

• 

-

-

-

-

las secuencias son normales. Algunos autores lo relacionan con el momento de 

-

man parte de la misma red cerebral. Son frecuentes las alteraciones en el hipo-
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-

-

-
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70 
1s

A B C D

E

-
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2.5.4.3 Tomografía computarizada por emisión de fotón único 

-

-

-

-

-

-

Tc de 6.0 horas, permite la 
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-

la imagen en el SPECT.

-

-

-
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sobre la RM del paciente, previamente corregistrada con los estudios SPECT, 

-

-

se comparan estudios de sujetos individuales o de un grupo de sujetos de 

-

-
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-

intensidad predeterminada para obtener la imagen visual.

-

llado previamente. Se corregistra con la RM de los pacientes para localizar los 

-

-
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A

B

C

70 
1 s

A. B. 
C. 
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-

-

A
B.

-
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-

2.5.4.4 Tomografía por emisión de positrones

-

-

18

-

-

-
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-

-

-

18F] es de 2 horas.
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-

-

-

tanto, en este contexto, se espera encontrar un hipermetabolismo en la zona 

de EE.
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A B C

1 s
70 

A. B. RM secuencia 
C. RM, secuen-

derecha. D.

-

-
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Adaptada de 
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2.6 TRATAMIENTO

2.6.1 Medidas generales

-

-

tratamiento deberemos realizar una anamnesis completa e iniciar el procedi-

-
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2.6.2 Tratamiento específico anticrisis 

-

-
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Listado de benzodiazepinas disponibles para tratamiento de primera línea 

LZP iv

CZP iv

DZP iv

MDZ

DZP Rectal

MDZ Bucal  

LZP
Comp. 1 mg

vo 1-2 mg

CZP vo

Adaptada de 

-
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3mg IIIB

20mg.  
 

IA

15 mg

 IIA

 3-12 meses: 2.5 mg IIB

 IIIB
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-

-

-

lada por la 

tratamiento.

-

-
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PHT iv
suero salino

min >20 min

IA

VPA iv
3000 mg kg: 15-20 mg

5 mg si  IIB

PB iv

LEV iv
min

5 mg si  IIC

vo 1000-3000 mg

LCM iv
mg

5mg  IIIC

vo

BRV iv  
100-200 mg min

5 mg si IV

vo 100-200 mg

CBZ vo IV

TPM vo IV

PER vo 12-16 mg IV

Adaptada de 
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2.6.3 Tratamiento estado epiléptico refractario y 
superrefractario

-

-

-

-

-
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-

dosis bajas de propofol.

-

-

necesario. 



2 ESTADO EPILÉPTICO 111

-

-

-

por vo o enteral o el tratamiento inmunomodulador.

-

-

A lo largo de este capítulo, hemos explorado las diferentes fases del estado epi-
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-
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2.7 PRONÓSTICO

-

-

-

descritas previamente en el apartado de .

-

-

conocer la etiología e incluso el registro del EEG, dependiendo de la dispo-

nibilidad en cada centro.
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-

el nivel de conciencia al inicio, el registro 

del EEG,



2 ESTADO EPILÉPTICO 115

-

-

es superior a 100 horas.

-

-

tancia hospitalaria. 

-

diferencian entre descargas lateralizadas o generalizadas.

-

cuente coma inducido con un incremento en la mortalidad, un peor pro-

obstante, es imperativo considerar de manera individualizada el uso del 

-

mente en ancianos.
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Diferentes estudios describen variables asociadas con la refractariedad del epi-

sodio de EE, entre ellas destacan el mRS basal del paciente, el retraso en iniciar 

o la presencia de PLD en el EEG. Algunos autores describen los niveles bajos de 

La posibilidad de desarrollar epilepsia secundaria a un EE es una realidad, se ha 

neuronal secundario al EE en diferentes regiones se ha evidenciado en estudios 

-

-

se encontraron como factores de riesgo independientes para el desarrollo de 
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II. HIPÓTESIS DE TRABAJO 

-

-

-

-

-

tual. En estudios previos la SPECT ictal cerebral ha demostrado la presencia de 

-
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III. OBJETIVOS

• 

• -

-

• -

convulsivo.

• 

prolongada.

• 

-

• Comparar los hallazgos obtenidos de la SPECT con otras pruebas de ima-
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monitorizado con registro EEG. La HMPAO-SPECT fue analizada visualmente por 

sujetos sanos para obtener un mapa de puntuaciones Z para cada individuo en 

-

encontrar una baja sensibilidad en la lectura del EEG siguiendo los criterios 

81%.
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Background: The diagnosis of nonconvulsive status epilepticus (NCSE) can pose a challenge. Electroencephalo-
gram (EEG) patterns can be difficult to interpret, and the absence of an EEG correlate does not rule out the diag-
nosis of NCSE. In this setting, neuroimaging tools to help in the diagnosis are crucial. Our aimwas to evaluate the
role of 99mTc-hexamethyl propyleneamine oxime (HMPAO) single photon emission computed tomography
(SPECT) and quantitative HMPAO-SPECT (QtSPECT) in patients with clinical suspicion of NCSE, and to evaluate
their value in the final diagnosis of NCSE.
Methods: We recruited consecutive patients admitted in our center with suspicion of NCSE, and selected those
who underwent an HMPAO-SPECT. All patients were admitted to the neurology ward and underwent an EEG.
We divided the patients into those who were finally with diagnosed NCSE (NCSE-p) and those who were not
(non-NCSE) according to the Salzburg Diagnostic EEG criteria. Sensitivity and specificity of the diagnostic tools
were calculated. The SPECTs were acquired in a Skylight SPECT (Philips Healthcare, Amsterdam). The injections
were done during the clinical episode suspected of being an NCSE. The HMPAO-SPECT was analyzed by two ex-
perts andwas also quantified. All data were normalized to the SPM SPECT template.We used an external healthy
normal database to obtain a Z-score map for each individual versus the normal database. The Z-score maximum
(Zmax)was extracted from each region of the AAL atlas aswas the percentage of voxelswith a Z-score higher than
2.5 (N(%)). A logistic regression combining the Zmax, N(%), and the effect of patient age was fitted to predict the
final NCSE diagnosis. A receiver operator characteristic (ROC) curve and the area under the curve (AUC)were ob-
tained to evaluate the classification performance.
Results:We included 55 patients, 21 of themwomen (38.9%), with amedian age of 62.1 years old (range 25–84).
Thirty-six patients were with diagnosed NCSE (62.9%). Initial EEG had a sensitivity of 61.1% and a specificity of
89%. Most of the patients were critically ill with diagnostic difficulties, and it could be one of the main reasons
to find low sensitivity of the Salzburg diagnostic EEG criteria. The Zmax and N(%) were significantly higher in
NCSE-p than in non-NCSE (p = 0.005 and p b 0.001, respectively). The HMPAO-SPECT qualitative analysis had
a sensitivity of 80.5% and specificity of 89.5% while QtSPECT had a sensitivity of 82% and specificity of 81%.
Conclusion: Both 99mTc-HMPAO-SPECT and QtSPECT can be useful in the diagnosis of NCSE.
This article is part of the Special Issue “Proceedings of the 7th London-Innsbruck Colloquium on Status Ep-
ilepticus and Acute Seizures”

© 2019 Elsevier Inc. All rights reserved.

Keywords:
Diagnosis
Nonconvulsive status epilepticus (NCSE)
Single photon emission computed tomography
(SPECT)
Statistical parametric mapping (SPM)
Postprocessing techniques
Z-score

1. Introduction

The diagnosis of status epilepticus (SE) can pose a challenge.
Nonconvulsive SE (NCSE) is defined as a condition characterized by

continuing alteration in behavior and/or mental status from baseline
in the absence of major motor signs accompanied by epileptiform activ-
ity in the electroencephalogram (EEG), usually accepted for more than
10 min [1].

Since implementation of the Salzburg Diagnostic EEG criteria for
NCSE diagnosis of EEG can be “definitive NCSE,” and in other cases, it
is only “possible NCSE” [2,3]. In addition, in some cases, such as, in apha-
sic SE (ASE), the absence of an EEG correlate does not rule out the
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diagnosis of SE. In these situations, other techniques are needed to con-
firm or exclude the NCSE diagnosis [4].

It has been previously reported that epileptic activity causes an in-
crease inmetabolic demand in the involved cerebral cortex,which is ac-
companied by temporary hemodynamic changes [5], such as,
hypervascular patterns in angiographic studies [6]. Taking this into ac-
count, different authors have been able to demonstrate an increase in
regional metabolism in patients with NCSE with fluorodeoxyglucose
(FDG)-positron emission tomography (PET) (FDG-PET) [4] and a re-
gional hyperperfusion with computerized tomography (CT) [7] or mag-
netic resonance imaging (MRI) [8]. Regional cerebral blood flow

measured by single photon emission computed tomography (SPECT)
has been widely used to locate regional hyperperfusion patterns in the
epileptic onset zone during an epileptic seizure in patients with drug-
resistant epilepsy. Therefore, the same technique and principle could
be useful to detect hyperperfusion in patients with NCSE as has already
been reported in some cases [9,10] and short series of patients [11,12].

The most sensitive and specific application on 99mTc-hexamethyl
propyleneamine oxime (HMPAO)-SPECT in the diagnosis of epilepsy is
by subtracting interictal from ictal SPECT with MRI coregistration
(SISCOM), using either HMPAO or 99mTc-ethylenecysteine-
diethylester (ECD) with concurrent EEG monitoring. The accuracy of

Fig. 1. Aphasic status epilepticus. Both qualitative and quantitative SPECT studies (compared with a normal database). A. Ictal SPECT (axial view) showing left temporal and parietal
hyperperfusion. B. Interictal SPECT (axial view) from healthy normal database. C1-C2-C3. Triplanar view of an MRI SPM template with the Zmax (Z N 2) overlayed, showing the
quantitative measurement of cerebral blood flow of the (A) HMPAO SPECT.

Table 1
Demographic and clinical characteristics.

NCSE (n = 36) Non-NCSE (n = 19) p-Value

Female 17 5 ns
Age 65.5 (25–84) ± 14.06 55.37 (27–80) ± 17.12 0.034

Etiology

vascular 14
tumor 5
immune 3
toxic 2
neurodegenerative 1
cryptogenic 8
other 3

encephalopathy 3
vascular 2
postcritical 2
neurodegenerative 2
other 10

Days to SPECT 6.94 ± 7.3 10.26 ± 12.1 ns
mRS at admission 1.28 ± 1.45 1.05 ± 1.47 ns
mRS discharge 2.47 ± 2.24 2.42 ± 2.19 ns
EEG seizures 3 0 ns
EEG PLDs 14 1 0.01
EEG normal 3 3 ns
Deaths 6 2 ns

p-Value is considered nonsignificant (ns)when N0.005. Age, Days to SPECT,mRS at admission, andmRS at discharge are expressed as average±SD.mRS=modifiedRankin Scale, PLDs=
Periodic Lateral Discharges.
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SPECT in defining seizure onset zone is further enhanced by the applica-
tion of statistics using statistical parametricmapping (STATISCOM), or a
commercially available statistical software (MIMneuro, MIM Software
Inc., Cleveland, Ohio, USA) [13].

Previous studies that used statistical parametric mapping (SPM)
showed the benefits of objective SPECT interpretation compared to sub-
jective analysis [13].

When usingHMPAOor ECD todetect the seizure onset zone, SISCOM
is recommended.

Our aimwas to evaluate the role of HMPAO-SPECT, using qualitative
and quantitative analysis, in patients with clinical suspicion of NCSE,
and to evaluate its value in the final diagnosis of NCSE [14].

2. Material and methods

2.1. Design

We conducted a retrospective, unicentric, observational
noninterventional study with patients with NCSE suspicion. We in-
cluded patients admitted in our center between 2014 and 2018.

2.2. Patients

We reviewed all patients who underwent HMPAO-SPECT as part of
their diagnostic workup in our center. Among them, we recruited con-
secutively the oneswith clinical suspicion of NCSE. All patients were ad-
mitted to the neurology ward and underwent a complete workup
including an EEG. Like Leitinger et al., we classified patients as NCSE
and non-NCSE following a consensus decision between different raters
inferred from all clinical and paraclinical data, including EEG readings,
laboratory data, therapeutic response, follow-up, and final outcome.
For all patients and recordings, two authors evaluated these data inde-
pendently, blinded to HMPAO-SPECT results. When consensus was not

achieved in the diagnosis, a third author evaluated the patients [3].
We divided the patients into those who were diagnosed with NCSE
(NCSE-p) and those who were not (non-NCSE). We excluded patients
with suboptimal EEG recordings and patients with NCSE because of
hypoxic–anoxic etiology, when consensus was not achieved between
experts, as well as those on whom EEG and HMPAO-SPECT were not
performed simultaneously, understood as tracer injection during the
EEG recording or less than 4 h following the EEG recording. The study
was approved by the Ethical Committee of the Hospital Universitari de
Bellvitge with PR177/16. All patients or their relatives signed an in-
formed consent form in accordance with the Helsinki declaration. The
confidential information of the patients was handled in accordance
with Spanish regulations.

2.3. SPECT data acquisition and processing

The SPECT scans were all performed within 120 min from the ad-
ministration of 740Mbq (20 mCi) of 99mTc-HMPAO (Amersham Inter-
national, Arlington Heights, IL). The patients were scanned in a Philips
Skylight two-head gammacamera equipped with an LEGP collimator.
The acquisition protocol was a 180° rotation in step-by-step mode. Re-
construction was done using filtered back-projection, and transaxial,
coronal, and sagittal slices were obtained. Interictal SPECT was realized
whenever possible. The images were presented in a digital support so
the intensity could be adjusted, and they were fused with a diagnostic
CT or MRI when either of these were available for improved anatomical
localization. The injections were done during the clinical episode
suspected of being an SE, while patients were monitored with video-
EEG. To do the quantified SPECT (QtSPECT), all data were normalized
to the SPM SPECT template, which is a software package for analysis
and processing of neuroimaging data sequences. We used an external
healthy normal database [15] to obtain a Z-score map for each individ-
ual's ictal SPECT scan versus that normal database. The reason why we

Fig. 2. Right occipital status epilepticus. Both qualitative and quantitative SPECT (compared with an interictal study) tracer injected with EEG control. A. Ictal SPECT (axial view) showing
right hemispheric hyperperfusion, maximum in occipital area. B. Interictal SPECT (axial view) with normal perfusion C. SISCOM (axial view) showing hyperperfusion in occipital lobe and
temporal-insular region. D. Zmax of cerebral blood flow SPECT showing hyperperfusion in the same areas. EEG. Bipolar montage, showing irregular delta waves in right occipital area.
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used the normal database is that we need to obtain a result as fast as
possible, which could help us to diagnose and treat our patients appro-
priately, andwe could notwait for an interictal SPECT. The Z-scoremax-
imum (Zmax) was extracted from each region using the Automated
Anatomical Labeling (AAL) atlas, as well as the percentage of voxels
with a Z-score higher than 2.5 (N(%)). The main reason for using a Z-
score higher than 2 is becausewhen a single study is compared to a nor-
mal database instead of its own interictal study noisier results are ex-
pected. Only the voxels inside a mask of the brain (excluding the
sublobar areas) were considered, and all clusters of fewer than
100 pixels were also excluded. From the resulting map the maximum
value (Zmax), the number of significant voxels with Z-score N 2.5 (N)
and the anatomical region with the maximum value were recorded.
The latter was obtained using the AAL, which is software and a digital
human brain atlas with a labeled volume. Labels indicate macroscopic
brain structures.

In any event, we tried to obtain an interictal SPECT in order to vali-
date our results by means of a SISCOM image, perfromed using the
SPM12 software for the MRI and SPECT coregistration and our in-
house software (python 3.6) for the subtraction of the ictal and
interictal images.

Visual diagnosis was performed independently by two experts in
nuclear medicine blinded to all other clinical information; when their
diagnosis was not concordant, a third expert was required. The SPECTs
were considered positive for SE when there was at least one area of
focal uptake compared to the adjacent or contralateral areas of the
brain. The QtSPECTwas analyzed by a physicist. The two final diagnoses
were compared.

Electroencephalogram was done during the SPECT injection when-
ever possible. Short video-EEGmonitoringwas performed in all patients
with a 32-channel Deltamed at patient bedside. All scalp EEG recordings
were placed according to the standard international 10–20 system for at
least 30 min with standard procedure (eyes closed, impedances b5 kΩ,
band-pass= 0.5–70 Hz, notch filter ON, sampling rate= 256 Hz, longi-
tudinal bipolar montage). Activation maneuvers were performed ac-
cording to a standard procedure and tailored to the patient level of
awareness (auditory, tactile stimuli, and pain level). The EEG findings
were described according to the glossary of the International Federation
of Clinical Neurophysiology [16], the American Clinical Neurophysiol-
ogy Society Standardized Critical Care EEG Terminology (SCCET) [17],
and the Salzburg Consensus Criteria for NCSE [2]. All EEG recordings

were made and evaluated by neurophysiologists and neurologists spe-
cialized in epilepsy.

Continuous video-EEG or prolonged video-EEG were done, when-
ever was possible.

2.4. Statistics

Descriptive and frequency statistical data were obtained, and com-
parisons were performed with the software SPSS Statistics (version
22.0, IBM, Armonk, NY, USA). Categorical variables were analyzed
using a one-tailed chi-square analysis (with Yates correctionwhenwar-
ranted); quantitative data were analyzed using Student t-test or Mann–
Whitney U test and analysis of variance (ANOVA), and Kruskal–Wallis
test was used for nonparametrical analysis. All tests were two-tailed;
p-values b 0.05 were considered significant.

A logistic regression combining the Zmax, N(%), and the effect of pa-
tient age was fitted to predict SE diagnosis. A receiver operator charac-
teristic (ROC) curve and its area under the curve (AUC) were obtained
to evaluate the classification performance; the Youden index optimal
cutoff was used to find a diagnostic threshold.

3. Results

We included 55 patients, 22 of them women (40%), with a median
age of 62.0 years old (range 25–84). Final diagnosis was NCSE in 36 pa-
tients (65.5%). See Table 1 for further demographic and clinical
characteristics.

Electroencephalograms were considered definitive for diagnosis of
NCSE, in accordance with Salzburg criteria, in 4/55 patients (7.2%) and
possible in 20/55 (36.6%). Twenty-four patients obtained NCSE diagno-
siswith EEG,with correct diagnosis in 22 and incorrect in 2. The sensitiv-
ity of first EEG using Salzburg Criteria was 22/36 (61.1%) while the
specificity was 17/19 (89%).

Visual SPECT was considered positive in 31/55 patients. Among
them, 29 were with diagnosed NCSE after complete evaluation
(80.5%). In the non-NCSE group, SPECT was negative in 17/19 (89.5%).
These two positive SPECTs were considered false positive, correspond-
ing to a patient with a tumor and another with stroke-like migraine at-
tacks after radiation therapy (SMART) syndrome. Of 24 negative SPECT,
7 patients were diagnosed as NSCE. Sensitivity was 80.5%, and specific-
ity was 89.5%. See Fig. 1 and Fig. 2.

In all patients, QtSPECT was also done using a normal database. The
Zmax and N(%) were significantly higher in NCSE-p than in non-NCSE (p
=0.005 and p b 0.001, respectively). Results from the logistic regression
presented an AUC of 0.79, with and optimal cutoff values of Zmax= 2.85
and N(%) = 4.85. See Fig. 3. Comparing the NCSE-p and non-NCSE
groups, a statistical trend was found for age, with the patients from
the NCSE-p older than those from the non-NCSE group (p= 0.06). Sen-
sitivity and specificity using the Youden index optimal cutoff valuewere
0.82 and 0.81, respectively. The number of significant voxels N and the
Zmax were highly correlated (r = 0.89); thus, only the latter was in-
cluded in the logistic model as it was the one with the lower p-value
(p= 0.08, using a t-test). The anatomical region was statistically signif-
icant (p = 0.01, using a Fisher exact test) as was the patient age (p =
0.01, using a t-test).

In four patients who recovered fromNCSE, an interictal study and an
MRI were done. In all 4 cases, SISCOM showed hyperperfusion on the
same areas as QtSPECT. See Fig. 2.

Table 2
Sensitivity and specificity of techniques used to diagnose NCSE.

Sensitivity Specificity

EEG 61.1% 89%
SSPECTCOM 80.5% 89.5%
QtSPECTCOM 82% 81%

Fig. 3. ROC curve to evaluate the optimal cutoff of quantitative SPECT study. Prediction
ROC curves for each individual factor and the resulting combined logistic regression.
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See Table 2 to compare sensitivity and specificity of each technique
used to read the SPECT results.

4. Discussion

In our study, EEG sensitivity using Salzburg criteria was low, proba-
bly because of a patient selection bias. Patients included in the study
were not all patients in SE—just the ones in whom an HMPAO SPECT
was done—so they were patients with whom we experienced diagnos-
tic difficulties.Most of themwere critically ill patients; in only 3 of them
(8.3%), the EEGwas completely normal while inmost of them (20/36) a
slow (b2.5 Hz) rhythmic pattern was observed. Similar findings were
obtained by Struck et al., also in a critically ill population [18].

To date, there is little information about the utility of neuroimaging
techniques as a diagnostic tool for SE. Most of the published studies are
case series [4,7,8,12,18–21], and no direct comparison of EEG and neu-
roimaging studies accuracy was carried out in most of them. Neverthe-
less, in the ones in which neuroimaging studies were done while EEG
showed clear ictal activity [7,8,20], a sensitivity rate higher than 70%
was always noted. On the other hand, little information exists about
its specificity. Neuroimaging techniques are not routinely performed
in patients with critical neurologic illness for other reasons, limiting
the ability to generate a relevant set of control subjects. The study of
Struck et al. [18] obtained a specificity of 100% for FDG-PET in 18 critical
patients.

Our study found that HMPAO-SPECT, visually analyzed or quantified
done with QtSPECT, had high sensitivity and specificity in our selected
population of critically ill patients. Visual analysis of SPECT was as sen-
sitive as QtSPECT, but probably more specific. There are several possible
explanations for thesefindings: quantitative analysis is nowadays not as
good as visual expert analysis, and the selected Zmax N 2 can affect re-
sults. The study of Newey et al. [22] suggests that Zmax N 1.5 was more
sensitive than and as specific as Zmax N 2 in localizing ictal onset zone
in a single seizure. These findings were not replicated in the study of
De Coster et al., 2018, [23] in which Zmax N 2 or more than 1.5 showed
the same sensitivity but with a higher interobserver agreement com-
pared to when using a Zmax N 2. Appropriate Zmax in patients with
NCSE remains unknown in all likelihood, and more studies on this
topic are recommended.

The Zmax and N(%) were significantly higher in the NCSE-p than in
non-NCSE group, confirming the hypothesis that perfusion techniques
can differentiate patients with NCSE from those with non-NCSE.

Our study shows that HMPAO-SPECT, both visually analyzed and
done by quantitative analysis, has high sensitivity and specificity in
the diagnosis of NCSE.

This is the first study, to our knowledge, using this methodology:
comparingwith a normal database, in patients with NCSE. Further stud-
ies are needed to confirm and validate our results. It would also be de-
sirable to employ the same technique using different Z-score values in
order to increase sensitivity and, in particular, specificity.

The low number of patients included is a limitation of the present
study. This may have affected the diagnostic value of cerebral perfusion
SPECT imaging. We used a normal database in all patients to analyze
ictal HMPAO-SPECT and an interictal SPECT when available, which
was not often. Larger prospective studies with ictal and interictal indi-
vidual studies with HMPAO-SPECT are needed to confirm our initial
findings.

5. Conclusions

Regional cerebral blood flow measured with SPECT is useful in the
diagnosis of NCSE. Both qualitative and quantitative methods are highly
sensitive and specific. Their results are comparable nowadays in pa-
tients with NCSE.
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Abstract
Objectives: De novo a a ic a u  e ile icu   in a ien  wi ou  a re iou  

i ory o  e ile y an  wi ou  cerebral le ion  a a ic  i  rare. e aim o  e 
u y i  o e cribe i  clinical c arac eri ic  e iolo ie  an  ou come.

Materials & Methods: in le  cen er u y inclu in  con ecu i e a ien  re en in  
o e emer ency e ar men  be ween 2011 an  2019 wi  acu e a a ia  w ic  wa  
inally ia no e  a  a a ic . ub e uen  e i o e  o  a a ia >5 min  were 

recor e  an  i i e  in o con irme   an  o ic al a a ic e i o e  non  . 
linical c arac eri ic  o  e wo y e  o  e i o e  were com are .

Results: ine een a ien  were inclu e  u erin  i y e i o e  o  e ile ic a a ia  
e i o e  er a ien  2.  ran e 1– 7 . i een a ien  71.4  were women  mean a e 
a   on e  wa  .05 year  ol   . . ine 47  a ien  ie   o  em .7  

urin  e a a ic e i o e. c al  wa  a ailable in 7 e i o e  con irmin  e 
ia no i  o   in 12 e i o e ; in 8 e i o e  e  ul ille  e cri eria o  o ible 

. e mo  re uen  e iolo ie  were in lamma ory an  a cular. om arin   
wi  non   e i o e   wa  lon er an non   225  5  p .024  an  wa  
rea e  more re uen ly wi   7   24  p .001  bu  wi  a lon er elay 22.2 

 1.5  p .0 .
Conclusions:  i  a rea able  i ly rela in  emer ency  wi  e ub e uen  
rela e   or o ic al a a ia.  i  ia no ic in al  o  e a ien  w ile in 
o er  ima in  ec ni ue  are al o u e ul. en o ia e ine  oul  be a mini ere . 

er i en  a a ia  o  more an 5 our  ura ion  i  i ly u e i e o  .

K E Y W O R D S
a a ia  a a ic a u  e ile icu  noncon ul i e a u  e ile icu  o ic al a a ia  

rolon e  a a ia
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1 | INTROD C TION

a ia a  ar  o  a ei ure or o  e o ic al erio  i  re en  
in 9 – 17  o  ca e .1 a ic a u  e ile icu   i  an in re

uen  orm o  non  con ul i e a u  e ile icu   wi  a 
re or e  ra e o  0.8 .2  i  c arac eri e  by u en an  er
i en  lan ua e i or er wi ou  im airmen  o  o er co ni i e or 

neurolo ical unc ion .   in a ien  wi ou  re iou  ei ure  
or e ile y

an  un nown cerebral le ion  a ic  i  e en rarer  
an  i  robably un er ia no e  i en a  acu e a a ia  w ic  
i  a re uen  rea on or con ul a ion in e emer ency e ar
men  i  ini ially iewe  a  a u a i e acu e i c emic ro e.4,5 

er o ible e iolo ie  o  acu e a a ia are brain rauma, u
mor , in ec ion , neuro e enera i e i or er , an  ei ure . o, 

a ic  i  no  ini ially clinically u ec e , an  i  ia no i  
i  o en elaye .

ur ermore,  can be i icul  o ia no e clinically or by 
. e clinical ia no i  o   i  o en am ere  by e i icul y 

in e lorin  con ciou ne  in an a a ic a ien . n a i ion, ur ace 
, owin  o ac i a ion o  a mall cor ical area, may no  e ec  

in eric al or e en ic al i c ar e ,  an  in ome a ien , only ro
lon e  i eo  wa  able o ca ure elec ro ra ic ei ure ac i i y 
w ile ini ial 0  min  wa  no  ia no ic.2,4 ome ca e u ie  
u e  a  o er ia no ic ec ni ue  u e  o e ec  er u ion 

or brain me aboli m uc  a  com u e  omo ra y wi  a er u ion 
e uence , er u ion e uence in ma ne ic re onance ima in  

, in le  o on emi ion com u e  omo ra y , an  
18 luoro eo y luco e  o i ron emi ion omo ra y 18   
can be el ul w en  re ul  o no  ro i e e ba i  or a con
clu i e ia no i  o  .7  1

ome recen  erie  a e e cribe  e clinical c arac eri ic  
an  ou come  o  a ien  u erin  ,14,15 an  i  i  con i ere  a  

e ro no i  o   i  more a orable an o er y e  o  . 
e nee  or a re i e rea men  in i  rou  o  a ien  i  e 

ubjec  o  eba e.1

eci ic in orma ion abou  ou come  in i  ub rou  o  a ien  
wi  new  on e  non  le ional  i  care.

u , e aim o  i  u y wa  o e cribe clinical c arac er
i ic , e iolo ie , an  ou come  o  con ecu i e a ien  re en in  
wi  a a ic .

2 | MATERIAL AND MET ODS

2.1 | Study design

i  wa  a in le  cen er non  in er en ional re ro ec i e ob er
a ional u y. e u y wa  a ro e  by e ical ommi ee 

o  e o i al ni er i ari e ell i e 177/1 . ll a ien  or 
eir rela i e  i ne  an in orme  con en  orm in accor ance wi  
e el in i eclara ion. e con i en ial in orma ion o  e a ien  

wa  an le  in accor ance wi  ani  le i la ion.

2.2 | Patients

e inclu e  con ecu i e a ien  w o re en e  o e emer ency 
e ar men  o  our in i u ion be ween 2011 an  2019 wi  acu e 

a a ia wi ou  luc ua ion  an  wi ou  im ro emen  a  e main 
neurolo ical ym om, main aine  or more an 15 min, an  inally 

ia no e  a  de novo non  le ional  a ic  accor in  o 
e clinical, , an  neuroima in  in in . on  le ional  wa  

con i ere  a er ir  e  ia no ic roce ure  w ic  inclu e   
can inclu in  er u ion an  an io ra y w en a ailable , bloo  
erum an  cerebro inal lui   analy i , w en a ailable, am le 

e amina ion inclu in  c emi ry, ema olo y, o icolo y,  ram 
ain, bac erial an  iral cul ure , an  mul i le  olymera e c ain 

reac ion m  or er e  amily iru e .  an ar  normal  
wa  al o re uire .

n e inclu e  a ien , a econ  eci ic e  o  ia no ic ro
ce ure  wa  carrie  ou . e eci ic roce ure  were a  ollow : 
earc  or an ibo ie  a ain  u er icial neuronal an i en  an  on

coneuronal an ibo ie  bo  in erum an   w en a ailable, y
emic au oimmune ba ery, an  eci ic neuroima in  roce ure  
uc  a   wi  a olinium an  e ile y ro ocol, w ole  bo y 

, an  ull  ba e com u e  omo ra y , 18  , .
e e clu ion cri eria were a re iou  i ory o  e ile y or o  

acu e ym oma ic ei ure , e i o e  wi ou  u icien  clinical in
orma ion, an  ab ence o  a inal ia no i .

i e ei in er e  al.,17 we cla i ie  a ien  a   or non  , 
a  in our re iou  u ie ,18 ollowin  a con en u  eci ion ma e 
be ween i eren  ra er  an  in erre  rom all e clinical an  ara
clinical a a, inclu in   rea in , labora ory a a, era eu ic re

on e, ollow  u , an  inal ou come wi  a ollow  u  o  a  lea  one 
year. urin  e ollow  u  erio , all rela e  o  rolon e  a a ia 
e i o e  were re iewe . ac  a ien  wa  e alua e  an  ollowe  
u  by neurolo i  rom our o i al eciali e  in e ile y.

2.2.1 |  ia no i

e ia no i  wa  con i ere  e ini i e in wo i ua ion :

1. a ien  wi  a com a ible clinical ic ure a a ia  an   
in in  cla i ie  a  e ini e accor in  o e al bur  cri eria,17 

or w en  wa  cla i ie  a  o ible, ano er ia no ic 
ec ni ue wa  nee e  o con irm e ia no i .

2. a ien  wi  a com a ible clinical ic ure a a ia  an  une ui o
cal re on e o in ra enou ly a mini ere  an i ei ure ru  

, or a ien  wi  a a ia an  o er minor clinical i n  uc  
a  ocular e ia ion, acial wi c in , an  arm wi c in .

2.2.2 | on   ia no i

e non   ia no i  wa  con i ere  in a ien  wi  rolon e  
or luc ua in  acu e a a ia wi ou  une ui ocal re on e o  
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w o reco ere  in e ollowin  our  an  in w om e  or e 
o er ia no ic ec ni ue  were no  carrie  ou  in e ic al erio , 
bu  a in  clinical or araclinical con irma ion o  i  e ile ic na ure. 

o  o  e non   e i o e  corre on e  o o ic al a e .

2.2. | n  o   ia no i

e clinical en  com le e reco ery rom e a a ia  or re urn o 
ba eline wa  con i ere  e rimary en  oin .  an  neuroima
in  normali a ion were al o con i ere  bu  were recor e  a  e a
ra e ariable .

linically, rea men  re on e wa  i i e  in o our ca e o
rie : com le e re on e, ar ial re on e, no re on e, or non  
a e able. omnolen  or coma o e a ien  were con i ere  
non  a e able.

ariable  recor e  in e ir  an  ub e uen  e i o e  were a  
ollow :

Clinical variables: a e, en er, an ece en  o  neurolo ical ym
om , ro e co e ac i a ion, ime o  ir  ym om , ime o ir  

neurolo ical a en ion, o er neurolo ical ym om  a ar  rom 
a a ia, re er u ion rea men  wi  in ra enou  recombinan  i ue 

la mino en ac i a or i  r , ime o r  a mini ra ion, ime 
o  ia no i , ime o ben o ia e ine  a mini ra ion, ime 
o ir  an  ub e uen  i   a mini ra ion , o e o  eac  , 

a mini ere  immunomo ula ory rea men  uc  a  eroi , im
muno lobulin , a a io rine, an  ri u imab , e ec i e rea men , 
e iolo y, ym om ura ion, a a ia rela e , co ni i e im airmen , 
acu e mor ali y urin  e in a ien  o i ali a ion ue o  or o 
rela e  com lica ion , 12 mon  mor ali y, an  au o y re ul  in 
ca e o  ea .

Diagnostic technique variables: ir   in in , con inuou  
i eo   moni orin , cranial  can wi  er u ion e uence  

w en a ailable, nec  an  cranial an io ra y  can, cranial  
wi  i u ion an  er u ion e uence , 18  , , ime o 

i eren  e lora ion , an  clinical i ua ion w en a ailable.
linical an  araclinical c arac eri ic  o   an  non   e

i o e  were com are . linical c arac eri ic  o  e ir  e i o e 
were e alua e  e ara ely an  com are  o e re  o  e e i
o e , an  e ini e  e i o e  were com are  wi  e re  o  
e e i o e .

2.3 | Methods

2. .1 |  a a

or  i eo   moni orin  wa  er orme  in all a ien  wi  
el ame  2 c annel ,  4 c annel , an  euronic 2 c an

nel  a  a ien  be i e. on inuou  i eo   moni orin  wa  
one w ene er o ible. e  in in  were e cribe  ac

cor in  o e lo arie  o  e n erna ional e era ion o  linical 
euro y iolo y,19 e merican linical euro y iolo y ocie y 

an ar i e  ri ical are  erminolo y ,20 an  e 
al bur  on en u  ri eria or noncon ul i e a u .17

2. .2 | rain  can

ll  u ie  were er orme  wi  a i ee  l ra 8  ec ion 
mul i ec ion canner  eal care, ilwau ee, .

2. . | rain 18  

ll   can  were ac uire  in a /  i co ery  canner 
eneral lec ric, ilwau ee, .

2. .4 | rain  can

e  can  an  eir uan i ica ion  were all er
orme  wi in 120 min rom e a mini ra ion o  740 b  20m i  

o  99m c   mer am n erna ional, rlin on ei ,  a  
re iou ly e cribe .1  e injec ion  were i en urin  e clinical 

e i o e u ec e  o  bein   un er  con rol w en a ailable.

2. .5 | rain 

ll inclu e  a ien  un erwen  rou ine clinical  u in  a 
ili  1.5 or  e la  canner n era, ili  e ical y em , 

m er am, e e erlan  a  inclu e  1  wei e  ima e , 2  
wei e  ima e , an  lui  a enua e  in er ion reco ery ima e  

 ob aine  in coronal, a i al, an  ran er al ec ion  wi  
 i u ion  wei e  ima in .11,21 er u ion  wei e  ima in  
 wa  one w en o ible.

2. . | a i ic

a a were analy e  u in    er ion 21. e re or  con in
uou  a a wi  me ian ± an ar  e ia ion an  ran e. e u e  
me ian in ea  o  mean in or er o a oi  e e ec  o  ewe  al
ue . i er  e ac  e  wa  u e  or nominal a a an  e ann– 

i ney U  e  or me ric a a. ll e  were wo  aile ; p  alue  
<.05 were con i ere  i ni ican .

3 | RES LTS

3.1 | Patient characteristics

ine een a ien  w o u ere  a rolon e  e ile ic a a ic e i
o e were inclu e . i een were emale  78.9  wi  a mean a e 

a  on e  o  5 ran e 0– 8  ee able 1 . ir een a ien  u ere  
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rela e  8.4 . ll ub e uen  e i o e  o  a a ia were al o 
evaluated.

inally, a total o  50 e i ode  were evaluated, wit  25 50  di
a no ed a   e i ode  accordin  to t e dia no tic criteria, and 
t e re t a  non   mo tly o tictal a a ia or clu ter o  a a ic 

ei ure . edian time to clinical u icion wa    ran e 0– 144  
and to con irmed dia no i  22  0.15– 144 . edian e i ode dura
tion wa  5   77. 2 . olated a a ia wa  ound in 8 e i ode , 
and 12 u ered ot er neurolo ical ym tom  in addition to a a
ia minor ym tom  uc  a  mild are i , ocal clonic ei ure , and 

Episodes 
(%) Mean (SD) Range

i ode  o  e ile tic 
a a ia

50

atient  wit  >2 
rela e

 1.

inal dia no i 25

o 25

e year .7 15.2 0– 8

linical ym tom a ia 8 7

a ia lu 12 24

ime to . . .1a 24. 0. – 120

Stroke code 
activation

1  2

e er u ion t era y 2 4

ime to dia no i  4a 27. 0– 1 2

ime to  it  ym tom 5 70 24a 28.5 0– 120

 dia no i S  de initive 10 28.

S  o ible 10 28.

o S 15 42.9

ime to  21 42 a .2 0.1– 144

 treatment 24/50 48

 re on e 9/24 7.5

ir t S  econd 
S

15– 8

11– 2

8– 5

2– 

t er: , 2

ir t S  be ore 12 24/50 48

ir t S  re on e / 8 15.8

mmunomodulatory 
treatment

2

Steroid 10

atio rine

itu imab 1

yclo o amide 1

Effective treatment 29/50 58

ime to clinical 
control 

48a 248.9 0.1– 1000

cute mortality  1.

12 mont  mortality 4 21.1

bbreviation : S , anti ei ure dru ; SE, a a ic tatu  e ile ticu ; , ben odia e ine; , 
carbama e ine; EE , electroence alo ram; , immune lobulin intravenou ;  laco amide; 

E , levetiracetam; , lamotri ine; .E, neurolo ic e amination; , enytoin; , val roic 
acid.
aMedian.

TA B L E  1 linical c aracteri tic  of t e 
co ort
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oculo yric ei ure . om lete re olution wa  ob erved in 29 e i
ode  58 , w ile t e re t re olved wit  e uelae or died.

en odia e ine   were admini tered in 24 e i ode  
48 . cute admini tration of ot er intravenou  iv  anti ei ure 

dru  S  wa  done in  e i ode , wit  t e mo t fre uently 
admini tered S  bein  , E , and . reatment wit  

S  wa  initiated wit in t e fir t 12  in 24 e i ode  48 . 

ortico teroid t era y wa  admini trated in ten e i ode , 8 of 
t em dia no ed wit  SE. mon  t e e, t e treatment wa  effec
tive in  ca e  75 .

n four e i ode , t e atient  were admitted to t e inten ive 
care unit , 2 of t em due to new  on et motor ei ure  and t e 
ot er 2 due to y temic com lication ; all ca e  were treated wit  
ane t etic dru .

Patients (%) Mean (SD) Range

umber of atient 19

atient  wit  
rela e

1  8.4

inal dia no i SE 1  8.4

on  SE  1.

Se  female 15 78.9

e year 5 1 .8 0– 8

ime to .E. 5. a . 0. – 120

ime to dia no i  15a 9.9 1– 144

ime to EE  it  ym tom 14 7 .7 40.2 28.2 12– 9

Not done 5 2 .

EE  dia no i SE definitive /14 42.8

SE o ible 4/14 28.

No SE 4/14 28.

Etiology mmune/inflammatory 8 42.1

erebrova cular 
di ea e

4 21.1

nknown  15.8

o ic/metabolic 2 10.5

Structural non  va cular 2 10.5

ctal M  1.

ime to ictal 
S E

7 .8 58a 12 .9 21– 288

ctal E  1.

 treated 11 57.9

ime to  9 10a 42.1 1– 144

 re on e /11 27.

ir t S  before 
12 

7/12 58.

ir t S  re on e 4/1  0.8

Effective treatment 10/1  7 .9

eturn to ba eline 1  8.4

ime to clinical 
control 

9 a 287. 12– 1000

1

n atient mortality 2 10.5

bbreviation : S , anti ei ure drug; SE, a a ic tatu  e ile ticu ; , ben odia e ine; , 
com uteri ed tomogra y; EE , electroence alogram; , inten ive care unit; N.E, neurologic 
e amination; E , o itron emi ion tomogra y; S E , ingle  oton emi ion com uteri ed 
tomogra y.
aMedian.

TA B L E  2 linical c aracteri tic  of fir t 
e i ode
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TA B L E  3 linical com ari on of SE and non  SE e i ode

ASE (%) Non- ASE (%) p
95% confidence 
interval

E i ode 25 25

ir t e i ode 1 .1 2 0.12  to 0.1 b

ender female 19 7 2  92 n

ge year 4 S  1 .7 9.5 S  1 .5 n 14.1  to .09

linical ym tom a ia 17 21 n

a ia lu 8 4

Stroke code 8 8 n

iagno i linical feature 5 .001 0.00 to 0.00 b

re um tiona 5

EE 12 0

erfu ion tec ni ue 4 0

No diagno i 0 8

iagno tic u orted by EE 12 0

Etiology erebrova cular 5 10 n

o ic  metabolic 4

utoimmune or 
inflammatory

10 7

Structural ot er 0

nknown 1 4

e erfu ion t era y 1 1 n

 treatment 19 7  24 .001 0.001 to 0.002 b

ime to 22.2 S  40.5 1.5 S  1. .0 0.95 to 42.25

 re on e /18 . /  50 n

2nd do e  2 11.1 2 . n

ir t S 8 8 n

7 1

E 7 4

M 2 0

t er 1 1

Second S No S 5 2 n

7 0

5 0

M 4 2

t er 0

Steroid  effective /8 2/2 n

24  after S m rovement 1 .00 0.002 to 0.005

Non  a e able 12

e olution 1

ela e 14 14 n

eturn to ba eline e 12 12 n

No 9 11

eat 4 2

ime to clinical control 225 S  1 .9 5 S  77. 2 .024 22.5  to 297.4

ime to EE  control 12 .8 S  85.9  S  22.4 .052 0.9  to 17 . 7

nten ive are nit 1 n

bbreviation : S , anti ei ure drug; SE, a a ic tatu  e ile ticu ; , ben odia e ine; EE , electroence alogram; , inten ive care unit; 
M, laco amide; E , levetiracetam; n , not tati tically ignificant; , enytoin; S , tandard deviation; , val roic acid.

a en  and angiogra y  are normal.
bMonte arlo 95  confidence interval.
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e mo t fre uent etiological categorie  for a a ic N SE 
were immunomediated in 8 ca e  2  due to autoimmune en
ce aliti , amyloid angiiti , or inflammation due to remote cra
nial irradiation, and va cular in 4 21.1 , due to mall cortical 
le ion , mo t of t em emorr agic, in t e conte t of cerebral am
yloid angio at y. t er etiologie  were tructural 2 10.5  one 
ence alocele not ob erved in t e fir t M  and one bilateral 

o terior ac ygyria  and to ic/metabolic in anot er 2 10.5 : 
ne atient uffered a ubacute ence alo at y wit  alco olic 

ei ure  SES  yndrome  and t e ot er vitamin  deficiency. n 
 atient  15.9 , t e etiology after a com lete tudy work  u  

remained unknown.
uring t e follow  u  eriod, 1  atient  8.4  uffered at lea t 

one rela e a  rolonged a a ia mean number of e i ode  er a
tient 2. , range 1– 7 . n 5 atient  w o uffered everal rela e  w o 
were controlled wit  acute immunomodulatory treatment, c ronic 
immuno u re ive treatment wa  admini trated, reventing fur
t er rela e  in t ree 0  of t em.

uring t e fir t e i ode, 1 atient 5.2  died,  more died 
acutely during t e econd e i ode and  more remotely. e mortal
ity rate at one year wa  4/19 21 , and t e mortality rate at 5 year  
wa  9/19 47.4 . fter t e fir t e i ode,  atient  1.5  uffered 
e uelae a a ia, but al o diffu e cognitive decline . fter one year, 

one atient .8 , and after five year  10 furt er atient  52.  
did not return to ba eline. mong t e atient  w o died, necro y 
tudy re ult  were obtained for t ree, wit  diagno e  of limbic en

ce aliti , diffu e brain le ion  com atible wit  a to ic  metabolic 
etiology, and i c emic troke wit  large  cell lym oma.

linical c aracteri tic  of fir t e i ode  are re ented in able 2.
linical c aracteri tic  of SE e i ode  were com ared to t o e 

of t e re t of t e e i ode  non  SE  ee able . ere were no 
tati tical difference  in age, gender, or clinical ym tom . ir t e

i ode  were more fre uently diagno ed a  SE, w ile ub e uent 
a a ic e i ode  were more fre uently diagno ed a  non  SE 
p .04 . om aring t e etiologie , no tati tical difference  were 

ob erved, alt oug  va cular etiology wa  found more fre uently in 
non  SE, w ile immune etiology wa  een in SE e i ode . SE e
i ode  were treated more fre uently wit   7  v  24 , p .001  
but wit  a longer delay 22.2 v  1.5 , p .0 . Moreover, a econd 

 wa  more fre uently admini trated in t e non  SE grou  .  
v  11.1, p n . egarding e i ode duration, SE e i ode  were longer 
t an non  SE 225 v  5 , p .024 . No difference  were found in 

rogno i  and u e of S  or t e u e of immunomodulatory treat
ment. Mortality wa  ig er in t e SE grou  1  v  8 , but no 
tati tically ignificant difference  were found.

ranial  can wa  done wit in t e fir t 24  and wa  normal in 
all atient , but it wa  not re eated in all e i ode  45/50 90 . EE  
wa  done wit in t e fir t 24  w en t e atient wa  ym tomatic, 
in 27 atient  54 . n anot er 10 atient , fir t available EE  wa  
done later but w ile t ey were till a a ic. ence, EE  w ile t e 

atient wa  ym tomatic wa  recorded in 7/50 74 . SE e i ode  
were con idered definite according to Sal burg criteria in 12/25 
48 . n t e re t of t e atient , one or more diagno tic tec ni ue  

were nece ary. or more information about t e re ult  of t e u
orting diagno tic tec ni ue , ee able 4 and igure 1.

om aring atient  diagno ed wit  definite SE v  o ible by 
EE , according to t e Sal burg criteria, no difference  in gender, eti
ology, number of rela e , time to diagno i  or time to fir t treat
ment, time to clinical control rogno i , or mortality were ob erved 
between t e two grou .

a ed on t e re ult  of our tudy, a diagno tic and treatment 
algorit m wa  ro o ed ee igure 2 .

4 | DISC SSION

ere are no ecific guideline  for t e treatment of SE, and 
an aggre ive treatment a roac  i  t e ubject of debate.1  n 
our tudy, we ob erved t at around alf of t e e i ode  of ro
longed e ile tic a a ia re olved wit   and one S  during 
t e fir t 5 , wit out t e need for ane t etic treatment, and we 
may y ot e i e t at mo t of t e e ca e  corre onded to ro
longed o tictal a a ia. n anot er recent tudy carried out in a 
t ird  level center in urkey in atient  wit  SE, de novo or not, 
of 28 atient , 14 47  im roved in >  day  wit out being given 
ane t etic treatment.14 t er aut or  ave al o found t at t e 

rogno i  for SE i  better t an for ot er N SE.15  duration 
longer t an 5  could be an im ortant diagno tic clue to el  
differentiate between o tictal and ictal a a ia. o tictal are i  
i  t e mo t widely tudied ign in t e o tictal eriod, wit  a dura
tion ranging from 2 min to  . o tictal a a ia i  ob erved even 
more fre uently, 10  v  4  according to a metanaly i ,22 but 
it  duration i  currently unknown. n our tudy, we ob erved t at 

o tictal a a ia can la t a  long a  5 . n anot er tudy, va cular 
e ile y wa  found to be an inde endent ri k factor for uffering 

o tictal are i .2  n our tudy, we found o tictal a a ia more 
fre uently in atient  w o were diagno ed wit  va cular e ile y 
but wit out reac ing tati tical ignificance, robably due to t e 
mall am le i e.

TA B L E  4 om ari on of atient  wit  SE e i ode  diagno ed 
by EE  or by ot er erfu ion and metaboli m tec ni ue

Technique ASE %

EE efinitive 12/25 48

o ible 8/25 2

Non  SE 5/25 20

ocal y er erfu ion by 2/2 100

by M 2/5 40

by S E 8/10 80

ocal y ermetaboli m by E /7 85.7

 M  altered 8/15 5 .

bbreviation : SE, a a ic tatu  e ile ticu ; , com uteri ed 
tomogra y;  M , diffu ion  weig ted magnetic re onance imaging; 
EE , electroence alogram; E , o itron emi ion tomogra y; 
S E , ingle  oton emi ion com uteri ed tomogra y.
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Nearly alf of SE e i ode  were diagno ed by EE  according to 
Sal burg criteria. Eric on et al. re orted, in a ca e erie  of 9 atient  
wit  SE, t at routine ort  term EE  did not ow clear ei ure 
activity in 4/9, w ile 2  of continuou  EE  monitoring wa  diag
no tic in all of t em. e al o did 24   video  EE  monitoring in two 
e i ode  in w ic  a routine EE  wa  not diagno tic, and confirmed 
t e diagno i  in bot  ca e . n tead of rolonged EE  monitoring, 
we more fre uently u ed ot er diagno tic tec ni ue , due to t eir 
availability, to confirm our clinical u icion . Even rolonged EE  
monitoring i  generally recommended in atient  wit  ig ly u
pected SE.24 e recommend, a  doe  Eric on, t at a minimum 2  of 
EE  be mandatory if SE i  trongly u pected.2,25

ere i  a wide con en u  about t e u e of  a  fir t  line 
t erapy in convul ive SE,2 ,27 but anot er debatable point i   
u e in patient  wit  N SE and pecifically wit  SE. n t e pre
ent tudy,  were admini tered in nearly alf of t e epi ode , 
and t ey were more fre uently admini tered in fir t epi ode  t an 
in ub e uent epi ode , a  in ot er reported erie .14,28 ere were 
t ree main rea on  for t i  low number of epi ode  treated wit  

. ir t, mo t of our patient  were old and ad comorbiditie  
t at could lead to t e ide effect  of  or clinical fear t ereof. 
Second, patient  wit  a previou  i tory of epilep y and under S  
were treated intravenou ly iv  wit  ig er do e  t an in t eir earlier 

S  treatment , and t ird, t e edative effect  of  can make it 

F I G R E  1 iagno tic tec ni ue  employed in a patient wit  acute ap a ia finally diagno ed wit  ap a ic tatu  epilepticu .  EE  
bipolar montage  owing diffu e lowing, greater on t e left ide, and p eudoperiodic laterali ed di c arge  1  in t e left emi p ere, 

predominantly parieto  occipital.  M ,  e uence owing left parieto  occipital cortical yperinten itie ,  erfu ion M  
e uence owing focal yperperfu ion area in t e left parieto  occipital region, and  S E  owing ypermetabolic focu  in t e left 

parieto  occipital region. ll of t e e are ugge tive of an epileptogenic focu  and ig ly ugge tive of SE
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F I G R E  2 iagno i  and treatment algorit m. † ir t tep diagno tic procedure  include blood erum and cerebro pinal fluid S  
analy i , w en available, ample e amination including c emi try, ematology, to icology, S  gram tain, bacterial and viral culture , and 
multiple  polymera e c ain reaction m  for erpe  family viru e
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more difficult to e plore t e patient and a e  ap a ia. t any rate, 
t e u e of  a  a fir t treatment tep along wit  a ig er cumu
lative do e of anticonvul ant  wit in t e fir t period of treatment 
wa  a ociated wit  orter duration of N SE in everal previou  
tudie .29 n our tudy, we could not confirm t i  point but we did 

ob erve t at confirmed SE epi ode  received  later t an did 
non  SE epi ode , ugge ting t at many of t e non  SE epi ode  
were in fact SE epi ode  controlled wit  t e  but a e ed in 
t e po tictal period. e al o con ider  to be t e inarguable 
fir t  line treatment in SE.

not er important finding of t e pre ent tudy i  t at receiving 
S  prevent  SE epi ode  but not ub e uent ei ure  wit  pro

longed ap a ic epi ode . e mo t fre uently reported etiologie  
in SE patient  are tructural le ion .2,10,14, 0, 1 e mo t fre uent 
tructural le ion ob erved in our tudy wa  mall cortical bleeding 

in t e conte t of cerebral amyloid angiopat y. ffected patient  
uffered everal epi ode  of prolonged ap a ia a  de cribed by 

Smit  et al. 1 ey ypot e i e t at prolonged ap a ia epi ode  
ot er t an t e ictal, po tictal, or due to i c emia, could be related 
to cortical preading depre ion. Mo t of t e epi ode  uffered by 
our patient  were con idered po tictal, alt oug  we cannot rule out 
t e po ibility t at t ey were due to cortical preading depre ion 
or depolari ation.

mmuno uppre ive t erapy wa  u eful in controlling t e tatu  
and preventing new relap e  in t ree of our patient , w ile autoim
mune etiology wa  a fre uent element in our erie . ur tudy al o 
ugge t  t at after ruling out a tructural le ion in patient  wit  de 

novo SE, an autoimmune etiology ould be u pected.14, 2 Some 
clinical clue , noted earlier, could elp to e tabli  t e diagno i : 
ubacute on et, S  re i tance, cognitive impairment or neuro

p yc iatric ymptom , a i tory of cancer, and individual or family 
i tory of autoimmune di ea e.  etection of neural  pecific anti

bodie , abnormalitie  in t e S  pleocyto i  or pre ence of oligo
clonal band , or evidence of inflammation on brain M  or pecific 

 E  pattern  could upport t e diagno i . 4 ur re ult  ug
ge t t at w en t ere i  a diagno i  of acute or c ronic autoimmune 

SE, immunomodulatory treatment ould be con idered.
ur tudy a  everal limitation , t e mo t important of w ic  

i  it  retro pective nature. t er limitation  include t e mall num
ber of included patient , t e eterogeneity of t e diagno tic tool  
employed w en t e EE  wa  con idered probable, and t e low ad

erence to our tandard SE protocol. mmunomodulatory factor  
and S  could ave modified t e natural i tory of ome etiologie  
w ic  were not controlled for. fter reviewing t e e patient , we 

ave made a pecific SE protocol for t i  form of SE. t any rate, 
pro pective tudie  wit  a large number of included patient  are 
needed.

5 | CONCL SION

p a ic tatu  epilepticu  i  a ig ly relap ing treatable emergency, 
wit  t e ub e uent relap e  being SE, but t ere i  al o prolonged 

po tictal ap a ia. E tended video EE  ould be re uired w en 
tandard EE  i  not definitively diagno tic. t er imaging tec

ni ue  could al o be u eful. en odia epine  ould be admini tered 
a  oon a  po ible in ig ly u piciou  epi ode . er i tent ap a ia, 
of more t an 5 our  duration, i  ig ly ugge tive of ap a ic ta
tu  epilepticu .
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1 RESUMEN DE LOS ARTÍCULOS

-

sensibilidad.

 

-

En general, en ambos estudios realizados, las pruebas de neuroimagen nos han 
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2 INTEGRACIÓN DE 
LOS RESULTADOS

los artículos de esta tesis son anteriores a estas nuevas aportaciones. Estos 

en un contexto clínico complejo como el del EENC. En base a estos criterios, 

-

Los criterios de Salzburg fueron posteriormente validados por los mismos 

-

de EENC posibles como los definitivos obtenemos un VPP de los criterios 
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posibles como los definitivos.

-

-

siones inferiores a 6 cm2

-

-

-

do, con cEEG seriados durante la primera semana, han detectado CE hasta en un 
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-

-

-

-
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-

tan un VPN inferior.

-

-

-

-

clínicas. Incluso se han reportado casos de EENC detectados mediante iEEG, 

-

u orbitofrontales. 
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-

-

-

-

Este hecho nos lleva a considerar la necesidad de realizar exploraciones com-

-
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entre otras.

-

-

-

-

 de la encefa-
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la presencia de un EE.

-

ejemplo. 

-

-

-

-
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3 LIMITACIONES

Nuestros estudios presentan varias limitaciones, algunas de las cuales son co-

-

realizar las comparaciones ictal-interictal con una base de normalidad en lugar 

-

-

resultados a otros pacientes con EENC sin coma.

observamos una variabilidad en las exploraciones complementarias realizadas 

estudios publicados, es la falta de adherencia a los protocolos de tratamiento 

-

-
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4 APLICACIONES

-

-

estos pacientes. La necesidad de ingreso en una unidad de cuidados intensivos 
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5 PERSPECTIVAS FUTURAS

-

-

-

-

reversibilidad.

-

-

estos eventos en el organismo.
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CONCLUSIONES GENERALES

En el trabajo realizado para esta tesis se han estudiado pacientes con estado 

-

-

1. 

recurrente.

2. -

3. -

4. 

-

5. -

vo en pacientes con elevada sospecha clínica, se deben considerar otras 

6. -

no convulsivo.

7. -

-

-
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