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INFORMACION DEL ARTICULO RESUMEN

Historia del articulo: Introduccién: El sindrome del cromosoma 20 en anillo se caracteriza por epilepsia refractaria,
Recibido el 22 de marzo de 2021 estatus epiléptico no convulsivo, electroencefalograma caracteristico, trastorno de conducta
Aceptado el 28 de julio de 2022 y discapacidad intelectual leve-moderada.

On-line el 1 de octubre de 2022 Caso clinico: Varén de 6 anios con discapacidad intelectual leve con movimientos invo-

luntarios en vigilia de flexoextensién de dedos de manos y muiiecas, asociando dudosa

Palabras clave:

desconexién del medio intermitente. En videoelectroencefalograma se confirma estatus

Anillo epiléptico no convulsivo. En cariotipo se identifica r(20) de novo.
Cariotipo Conclusién: Debemos sospechar r(20) en todo paciente con epilepsia con anomalias fronta-
Cromosoma les, estatus epiléptico no convulsivo y discapacidad intelectual, aunque presente fenotipo
Epilepsia normal, y comenzar el estudio por el cariotipo.
Genética © 2022 Sociedad Neuroldgica Argentina. Publicado por Elsevier Espaiia, S.L.U. Todos los
derechos reservados.
Ring chromosome 20: A diagnostic challenge
ABSTRACT
Keywords: Introduction: Ring chromosome 20 syndrome is characterized by refractory epilepsy, non-
Ring convulsive epilepticus status, characteristic changes on electroencephalogram, behavioral
Karyotype disorder and mild to moderate intellectual disability.
Chromosome Clinical case: Six-year-old man presented with mild intellectual disability and involuntary
Epilepsy waking flexion-extension movements of the fingers and wrists, associating intermittent
Genetics episodes of staring spells. EEG showed non-convulsive status epilepticus. karyotype analysis
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identified r(20) de novo.
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Conclusion: We should suspect r(20) in all patients with frontal lobe epilepsy, non-convulsive
epilepticus status and intellectual disability, even if the patient has a normal phenotype, and
we should include karyotype as part of the initial evaluation.

© 2022 Sociedad Neuroldgica Argentina. Published by Elsevier Espaifa, S.L.U. All rights

reserved.

Introduccién

El sindrome del cromosoma 20 en anillo -r(20)- es una enfer-
medad rara de base genética conocida. Resulta de roturas en
los extremos de ambos brazos de dicho cromosoma, con pos-
terior fusién de las regiones rotas, produciéndose un anillo
continuo®.

Desde su descripcién por Atkins en 19722 se han docu-
mentado poco mds de 150 casos en la literatura, aunque la
prevalencia exacta es desconocida®. En la mayoria de los casos
se trata de una condicién espontanea” sin riesgo de recurren-
cia, aunque se han descrito de forma excepcional algunas
familias en las que se ha visto transmisién de padres a hijos°.

Se caracteriza por presentar epilepsia refractaria con crisis
frontales, estatus epiléptico no convulsivo (SENC), electroen-
cefalograma (EEG) caracteristico, trastorno de conducta y
discapacidad intelectual (DI) leve-moderada, sin alteraciones
fenotipicas resenables. La mayoria de los pacientes suelen
presentar un cociente intelectual normal o limite hasta el
comienzo de la epilepsia. Esta suele ser el primer sintoma del
sindrome, y tras su aparicién, més del 70% de los pacientes
presentan deterioro cognitivo. Parece existir una correlacion
entre el porcentaje de células afectadas, el cociente intelectual
y la edad de inicio de las crisis. Mayor grado de mosaicismo en
las células con r(20) se asocia con un comienzo mas temprano
de crisis, resistencia a farmacos antiepilépticos y mayor tras-
torno de conducta®®. Se postula la implicacién de los genes
CHRNA4 y KCNQ2 en el desarrollo de la epilepsia, ambos locali-
zados en el brazo largo del cromosoma 20 en la regién 20qter’.
En este trabajo presentamos un nino de 6 anos con esta pato-
logia que ingresa para estudio, inicialmente por episodios
paroxisticos de ambas manos, que recuerdan a estereotipias
manuales.

Caso clinico

Varén de 6 anos que acude a urgencias por episodios paro-
xisticos de 30 min de duracién que inici6é la semana previa
de forma intermitente, en vigilia. Consiste en movimientos
involuntarios de flexoextensiéon de dedos de ambas manos y
ocasionalmente mufieca, varios por segundo, ritmicos, de pre-
dominio derecho. En ocasiones asocia mirada fija con dudosa
desconexién del medio durante el episodio.

Sin antecedentes familiares de interés. Hijo tnico de
padres no consanguineos.

Como antecedentes personales presenta seguimiento en
consulta de neurologia infantil el dltimo ano por discapacidad
intelectual ligera con desfase curricular significativo. Emba-
razo y parto normales. El desarrollo psicomotor habia sido

Figura 1 - Videoelectroencefalograma (VEEG) en vigilia.
Coincidiendo episodio de estatus no convulsivo (SENC) con
movimientos involuntarios de flexoextension de dedos de
ambas manos y ocasionalmente muiieca, ritmicos, de
predominio derecho, y desconexién intermitente del
medio, se registran descargas epileptiformes generalizadas
con morfologia de punta onda hipervoltada a), SENC que
cede tras administracién de midazolam yugal b).

normal con marcha auténoma a los 15 meses. Exploracién
fisica, neurolégica, fenotipo y somatometria normales.

Durante uno de los episodios descritos, se objetiva en
videoelectroencefalograma (VEEG) SENC (fig. 1a) que cede tras
la administracién de midazolam bucal (fig. 1b). En el VEEG de
sueno se registran anomalias epileptiformes frontales bilate-
rales.

Se completa estudio con analitica sanguinea con perfil
metabdlico, % CDT, aminoacidos y 4cidos organicos en san-
gre y orina, valoracién por oftalmologia con fondo de ojo
y auditiva, con resultados normales. X-fragil negativo. La
resonancia magnética craneal inicamente demuestra mega-
cisterna magna en fosa posterior. En el cariotipo se identifica
r(20) (fig. 2) de novo, sin mosaicismo, comprobandose pér-
dida de regién subtelomérica del brazo corto mediante FISH.
En CGH array se confirma la delecién en la citobanda 20p13
—delecién terminal 20pter que incluye los genes NRSN2 y
SOX12-, candidatos para el retraso del desarrollo.

Con el diagnéstico de r(20) se inicia tratamiento con acido
valproico, precisando anadir lamotrigina cuatro meses des-
pués. Tres afios mas tarde se mantiene sin crisis y sin aparente
deterioro cognitivo, con aceptable progresién en el aprendi-
zaje.

Conclusiones

El cromosoma 20 en anillo es una patologia muy poco fre-
cuente (con una prevalencia menor de 1 en 1.000.0008), por
ello, se debe tener un alto indice de sospecha para su diagnos-
tico.

Ademds, en ocasiones solo se puede diagnosticar mediante
la realizacién de un cariotipo y no mediante otras pruebas
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Figura 2 - Cariotipo masculino con cromosoma 20 en anillo, de novo, confirmando mediante FISH pérdida de la regién

subtelomérica del brazo corto.

genéticas como un CGH array si no existe delecién en la
mutacién®. Esto nos puede retrasar el diagnéstico, ya que en
pocos casos de pacientes con epilepsia en el momento actual
se realiza un cariotipo como parte de la bateria de pruebas
complementarias, solicitando inicialmente pruebas genéticas
mas especificas.

El EEG es caracteristico aunque no patognoménico®. Aun
asi tenemos que pensar en ello en pacientes con la siguiente
triada electroclinical®!!: crisis frontales refractarias, SENC
recurrente y hallazgos tipicos en EEG. Respecto a las crisis
frontales, se incluyen tres tipos de crisis: crisis nocturnas
hiperquinéticas o hipermotoras, crisis nocturnas sutiles con
minima actividad motora solo diagnosticadas en ocasio-
nes mediante VEEG y a veces confundidas con un arousal
fisiolégico® y crisis parciales complejas, con mirada fija, con-
fusién, con o sin automatismos orales o motores.

Respecto al SENC, para algunos autores es el patrén mas
caracteristico de este sindrome'?, presentdndose la mayoria
de los casos con una frecuencia diaria y de predominio en
vigilia®.

Respecto a los hallazgos tipicos en EEG se describe activi-
dad lenta hipervoltada con puntas en forma de descargas epi-
leptiformes generalizadas (fig. 3) y de predominio frontal uni-
o bilateral. Ademds también se observan frecuentes trenes
de ondas theta en areas frontotemporales no influenciadas

por la apertura ocular, hallazgo muy especifico'®. Aun asi
también se han identificado EEG normales o con solo una
lentificacién difusa, sin actividad irritativa®.

Esta triada electroclinica parece tener una sensibilidad (si
estd presente) y un valor predictivo negativo (si no lo esta) cer-
cana al 100%'°. Aun asi existen otras patologias que presentan
dicha triada, como son: cromosoma 10 en anillo, sindrome
de Dravet, sindrome de Lennox-Gastaut, displasias cortica-
les frontales y epilepsia con punta onda continua durante el
sueno lento mal tratada con bloqueantes de canales de sodio.
No obstante, no se pueden extrapolar estos hallazgos a todas
las edades', sobre todo en los menores de 1 afio, aunque hay
autores que comentan que el EEG interictal de estos pacientes
suele aparecer a partir de los 8 afios de edad'*. Un EEG normal
en vigilia requiere un estudio de EEG durante el suefio para un
diagnéstico precoz correcto’.

Se trata de una epilepsia con frecuencia farmacorresistente
no susceptible al tratamiento quirdrgico, por lo que el trata-
miento es limitado®. Ademads suele haber un empeoramiento
clinico progresivo con la edad, con un aumento de la frecuen-
cia de crisis y mayor refractariedad al tratamiento, siendo en
alglin caso letal®™.

El tratamiento farmacolégico inicial de eleccién suele ser
el acido valproico, pudiendo afadirse lamotrigina o zonisa-
mida, con mejor respuesta con la primera combinacién'®.
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Figura 3 - VEEG en vigilia. Brotes difusos de actividad delta hipervoltada, que en ocasiones se entremezclan con puntas
adoptando una morfologia mellada y otras se presentan con una morfologia de ondas delta agudas de aspecto mas
triangular, de maxima amplitud variable, de breve duracion (3-6 segundos).

También se describe la lacosamida como una buena alterna-
tiva terapéutica’® asi como el estimulador del nervio vago®®
para casos refractarios.

Ademas los pacientes que suelen tener un comporta-
miento y nivel cognitivo normal previo al inicio de la epilepsia,
suelen empeorar de forma dramadtica en ambos aspectos tras
su inicio'/. Parece existir una relacién inversamente propor-
cional entre la edad de inicio de las crisis y el porcentaje
de mosaicismo en sangre periférica'®, habiéndose descrito
pacientes con un comienzo de epilepsia tardio, con un curso
més suave, con remisién de las crisis en algin caso®. Segin
algunos autores, pacientes afectos con el 100% de células con
120 deberian considerarse como un fenotipo diferente, con un
retraso psicomotor y una epilepsia més grave'®.

Nuestro caso es llamativo, dado que por una parte, la alte-
racién genética no presenta mosaicismo, por lo que segin
la literatura, la epilepsia tendria que haber aparecido mucho
antes de los 6 afios, pero no ha sido asi. Ademas la pérdida
de material genético esta localizada en el brazo corto del cro-
mosoma 20 y no en el largo, donde se encuentran los genes
CHRNA4 y KCNQ2, que se han postulado hasta la fecha como
posibles responsables de la epilepsia. Posiblemente, como se
ha sugerido, la epilepsia puede ser debida a una regulacién
anormal de estos genes por los efectos de posicién en el anillo,
no tanto a una pérdida de los mismos®.

El diagnéstico es dificil hasta el comienzo de la epilepsia,
que suele ser el primero signo.

Por tanto, en pacientes con epilepsia con crisis frontales,
SENC, EEG caracteristico, trastornos de conducta y DI sin alte-
raciones fenotipicas, es recomendable realizar inicialmente
un cariotipo antes que otras pruebas genéticas.

Posteriormente habria que determinar los genes deleciona-
dos con CGH array. Y en caso de no delecién de 20q sospechar
alteraciones génicas en CHRNA4 y KCNQ2. El conjunto de las

técnicas genéticas sera lo que nos dé un diagndstico més pre-
ciso.

Conflicto de intereses

Los autores declaran no tener ningin conflicto de intereses.

BIBLIOGRAFIA

1. Yip MY. Autosomal ring chromosomes in human genetic
disorders. Transl Pediatr. 2015;4:164-74.

2. Atkins L, Miller WL, Salam M. A ring-20 chromosome. ] Med
Genet. 1972;9:377-80.

3. Kalane U, Datar C, Kalane S. Ring chromosome 20 syndrome —
A rare chromosomal cause of refractory epilepsy in children.
International Journal of Epilepsy. 2017;4:87-9.

4. Inoue Y, Fujiwara T, Matsuda K, Kubota H, Tanaka M, Yagi K,
et al. Ring chromosome 20 and nonconvulsive status
epilepticus: a new epileptic syndrome. Brain. 1997;120:839-53.

5. Unterberger I, Dobesberger ], Schober H, Krabichler B, Lamina
C, Schatz U, et al. A further case of familial ring chromosome
20 mosaicism - molecular characterization of the ring and
review of the literature. Eur ] Med Genet. 2018.
S$1769-7212(18)30256-8.

6. Vignoli A, Bisulli F, Darra F, Mastrangelo M, Barba C, Giordano
L, et al. Epilepsy in ring chromosome 20 syndrome. Epilepsy
Res. 2016;128:83-93.

7. Bernard G, Shevell MI. Channelopathies: A review. Pediatr
Neurol. 2008;38:73-85.

8. Orphanet. Base de datos en Internet sobre enfermedades
raras y los medicamentos huérfanos. Disponible en:
http://www.orpha.net.[Enero 2021].

9. Vega-Zelaya L, Alonso-Cerezo C, Quesada JF, Sola RG, Pastor J.
Caracteristicas electroclinicas de un paciente con sindrome
del cromosoma 20 en anillo. Rev Neurol. 2014;58:450-4.


http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0100
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0105
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0110
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0115
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0120
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0125
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0130
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0140

NEUROL ARG.2022;14(4):251-255

255

10.

11.

12.

13.

14.

Gago-Veiga AB, Toledano R, Garcia-Morales I, Pérez-Jiménez
MA, Bernar J, Gil-Nagel A. Specificity of electroclinical
features in the diagnosis of ring chromosome 20. Epilepsy
Behav. 2018;80:215-20.

Zambirelli E, Vignoli A, Nobili L, Didato G, Mastrangelo M,
Turner X, et al. Sleep in ring chromosome 20 syndrome: a
peculiar electroencephalographic pattern. Funct Neurol.
2013;28:47-53.

Augustijn PB, Parra J, Wouters CH, Joosten P, Lindhout D, Van
Emde Boas W. Ring chromosome 20 epilepsy syndrome in
children: electroclinical features. Neurology. 2001;57:1108-11.
Avanzini P, Vaudano AE, Vignoli A, Ruggieri A, Benuzzi F,
Darra F, et al. Low frequency mu-like activity characterizes
cortical rhythms in epilepsy due to ring chromosome 20. Clin
Neurophysiol. 2014;125:239-49.

Freire de Moura M, Flores-Guevara R, Gueguen B, Biraben A,
Renault F. Long-term EEG in patients with the ring
chromosome 20 epilepsy syndrome. Epilepsia. 2016;57:€94-6.

15.

16.

17.

18.

19.

Hirano Y, Oguni H, Nagata S.

Refractory and severe status epilepticus in

a patient with ring chromosome 20syndrome. Brain Dev.
2016;38:746-9.

Order H, Tezer FI. Significant improvements of EEG and
clinical findings with oral lacosamide in a patient with ring
chromosome 20. Clin EEG Neurosci. 2016;47:330-2.

Vignoli A, Canevini MP, Darra F, La Selva L, Fiorini E, Piazzini
A, et al. Ring chromosome 20 syndrome: a link between
epilepsy onset and neuropsychological impairment in three
children. Epilepsia. 2009;50:2420-7.

Nishiwaki T, Hirano M, Kumazawa M, Ueno S. Mosaicism and
phenotype in ring chromosome 20 syndrome. Acta Neurol
Scand. 2005;111:205-8.

Ville D, Kaminska A, Bahi-Buisson N, Biraben A, Plouin P, Telvi
L, et al. Early pattern of epilepsy in the ring chromosome 20
syndrome. Epilepsia. 2006;47:543-9.


http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0145
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0150
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0155
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0160
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0165
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0170
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0175
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0180
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0185
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190
http://refhub.elsevier.com/S1853-0028(22)00042-8/sbref0190

	Cromosoma 20 en anillo. Un reto diagnóstico
	Introducción
	Caso clínico
	Conclusiones
	Conflicto de intereses

	Bibliografía

