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  Malformazioni	
  cranio-­‐facciali	
  e	
  neurosviluppo	
  



Membrana	
  esterna	
  

Membrana	
  interna	
  
Neurone	
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  +	
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  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  	
  	
  

Ioni	
  Na+	
  

Proteine dei canali  
voltaggio-dipendenti 

 
Sono proteine transmembrana 
che formano canali voltaggio-
dipendenti essenziali per la 

generazione e propagazione 
dei potebziali d’azione nei 

neuroni 

Teoria elettrica 

Sodium channel, voltage-gated (brain type I) alpha subunit 

+	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
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  +	
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  +	
  +	
  +	
  +	
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  +	
  +	
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  -­‐	
  -­‐	
  -­‐	
  -­‐	
  -­‐	
  -­‐	
  -­‐	
  -­‐	
  	
  	
  	
  

Ioni	
  K+	
  

Subunutà	
  α	
  

Gradiente	
  eleKrochimico	
  
+	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  +	
  	
  	
  

Alan Lloyd HODGKIN 
[1914 - 1998] 

Andrew Fielding HUXLEY 
[1917 - 2012] 

Modello	
  di	
  Hodgkin-­‐Huxley	
  



	
  
	
  

Membrana	
  esterna	
  

Membrana	
  interna	
  

Neurone	
  

Gradiente	
  meccanico	
  

Pulsazioni	
  di	
  onde	
  sonore	
  [SOLITONI]	
  

Andrew D. JACKSON Thomas HEIMBURG 

Teoria meccanica à modello “SOLITONICO” 



ENSEMBLES 
neuronali 
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ENSEMBLES 
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ENSEMBLES 
neuronali 

+ + + + + + + + + + + + + + + + + + + 
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ENSEMBLES 
neuronali 



ENSEMBLES 
neuronali 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+   



10 20 30 40 0 

Ventricolo  
laterale 

ZV 

ZV 

Assone	
  

Filopodio	
  

Dendrite	
  

Spina	
  
dendri%ca	
  

Neurone	
  “maturo”	
  

4.	
  Neuroblasto/neurone	
  “nudo”	
  

1.	
  Placca	
  neurale	
  

2.	
  Tubo	
  neurale	
  

3.	
  Prosencefalo	
  

5.	
  Migrazione	
  	
  neuronale	
  

6.	
  Organizzazione	
  cor%cale	
  [dendri%	
  à	
  sinapsi]	
  

Migrazione (tangenziale) interneuroni 
GABAergici - olfattivi 



Variazioni del numero di sinapsi cerebrali 

Età	
  gestazionale	
  -­‐	
  se4mane	
  post	
  concepimento	
  

Tubo neurale 

Sviluppo Prosencefalo  

Proliferazione Neuroblasti 

Migrazione neuronale 

Organizzazione corticale 

10 20 30 40 0 

Placca neurale 

Cognitive superiori 

Sensoriali 

Linguistiche 



Età	
  del	
  bambino	
  

Organizzazione corticale 

Cognitive superiori 

Sensoriali 
Linguistiche 

5 15 

Livello di sinapsi tipico di un ADULTO 

NASCITA 1 ANNO 10 20 0 

Variazioni del numero di sinapsi cerebrali 

Numero di sinapsi cerebrali 



ZV 

ZV Filopodio	
  

Assone	
  

Dendrite	
  

Spine	
  
dendri%che	
  

Neuroblasto/neurone	
  “nudo”	
  

Neurone	
  “maturo”	
  

Stimolazione a BASSA FREQUENZA 



ZV 

ZV Filopodio	
  

Assone	
  

Dendrite	
  

Spine	
  
dendri%che	
  

Neuroblasto/neurone	
  “nudo”	
  

Neurone	
  “maturo”	
  

Stimolazione ad ALTA FREQUENZA 



VEGLIA SONNO 



Bambino ADOLESCENTE 



ADOLESCENTE - 14 anni ADOLESCENTE - 22 anni 





Cellule T 

Ca++ 

NEURONE 

OLIGODENDROCITI 

Ambiente SISTEMA NERVOSO CENTRALE 

ASTROCITI 

OLIGODENDROCITA 

NEURONE 

OLIGODENDROCITA 

NEURONE 

BARRIERA EMATO-ENCEFALICA 

BARRIERA EMATO-ENCEFALICA 

Cellule AMEBOIDI 
(sacco vitellino) 

(neuroectoderma) 

Cellule B 
Sistema del  

COMPLEMENTO 

Cellule NK 

MACROFAGI 

(midollo osseo) 
MONOCITI 

(tessutali - SNC) 

MICROGLIA 
Granulociti 

ASTROCITI 

(neuroectoderma) 

TCR 

TCR 
TCR 

BCR 

BCR 

Cellule DENDRITICHE 

ASTROGLIA 

ASTROGLIA 

MICROGLIA 



ASTROCITI NEURONI 

OLIGODENDROCITA 

OLIGODENDROCITA 

Microglia/Macrofagi 

Ambiente SISTEMA NERVOSO CENTRALE 



GABA 

Glu 

Glu 

+ + + 

+ + + - - - Glu 

+ + + 

Glu 

+ + + 
Glu 

Glu 

- - - 

DA 

DA 

Glu 

+ +  
Glu 

NEONATO - BAMBINO 



GABA 

Glu 

Glu 

+ + + 

+ + + - - - Glu 

+ + + 

Glu 

+ + + 
Glu 

Glu 

- - - 

DA 

DA 

Glu 

+ +  
Glu 

BAMBINO - ADOLESCENTE 

GABA 

GABA 

GABA 

DA 

+ 
- +

 - 

DA 

+ 
- +

 - DA 



Sistema MOTORIO 
(futuro) Sistema PERCETTIVO 

(presente) 

Memoria a LUNGO TERMINE 
(passato) 

Sistema ATTENTIVO 
(concentrazione) 

Sistema VALUTATIVO 
(valutazione) 

Spazio di lavoro 
GLOBALE 

Vie TALAMO-CORTICALI 



Età	
  del	
  bambino	
  

Organizzazione corticale 

Cognitive superiori 

Sensoriali 
Linguistiche 

5 15 

Livello di sinapsi tipico di un ADULTO 

NASCITA 1 ANNO 10 20 0 

Enorme numero di sinapsi ……. vs. normale numero di sinapsi 

Numero di sinapsi cerebrali 

PIACERE 

REALTA’ 



GABA 

Glu 

Glu 

+ + + 

+ + + - - - Glu 

+ + + 

Glu 

+ + + 
Glu 

Glu 

- - - 

DA 

DA 

Glu 

+ +  
Glu 

Sinapsi “eccitatorie” [piacere]….. 



GABA 

Glu 

Glu 

+ + + 

+ + + - - - Glu 

+ + + 

Glu 

+ + + 
Glu 

Glu 

- - - 

DA 

DA 

Glu 

+ +  
Glu 

…… vs. sinapsi “inibitorie” [realtà] 

GABA 

GABA 

GABA 

DA 

+ 
- +

 - 

DA 

+ 
- +

 - DA 



   Sviluppo	
  cerebrale	
  	
  

Età	
  gestazionale	
  -­‐	
  settimane	
  post	
  concepimento	
  

1.	
  	
  Formazione	
  tubo	
  neurale	
  

2.	
  	
  Sviluppo	
  Prosencefalo	
  	
  

3.	
  	
  Proliferazione	
  e	
  differenziazione	
  	
  
	
  	
  	
  	
  	
  dei	
  Neuroblasti   

4.	
  	
  Migrazione	
  neuronale	
  

5.	
  	
  Organizzazione	
  corticale	
  

10 20 30 40 0 



	
  	
  

TUBO	
  NEURALE	
  
	
  

Piega	
  neurale	
  

Piega	
  pericardica	
  

Placode	
  ottico	
  

Somiti	
  

Foglietto	
  amniotico	
  
Neuroporo	
  
posteriore	
  



	
  	
  

TUBO	
  NEURALE	
  
	
  

PLACCA NEURALE 

15° - 16° girono di vita gestazionale  

Ripiegamento e formazione del TUBO NEURALE 

Neuroporo anteriore 

Neuroporo posteriore 

Chiusura a CERNIERA 
multipla 

18° - 20° girono di vita gestazionale  



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  	
  

ANENCEFALIA	
  
	
  

“Area cerebrovasculosa” 
Vasi neoformati in risposta alla grave 

distruzione cerebrale + connettivo + glia  
+ neuroni occasionali + ependima + plessi  

 

Assenza “quasi” totale di tessuto cerebrale 

Assenza totale di tessuto cerebrale 



	
  ANENCEFALIA	
  



	
  ANENCEFALIA	
  



	
  ANENCEFALIA	
  



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  	
  

INIENCEFALIA	
  ed	
  ENCEFALOSCHISI	
  (exencefalia)	
  

ENCEFALOSCHISI 

Retroflessione midollo spinale cervicale 

Mancata chiusura neuroporo anteriore 

Erniazione “area cerebrovasculosa” 

Erniazione tessuto cerebrale non formato 
INIENCEFALIA 

Mancata formazione osso occipitale 



	
  ENCEFALOSCHISI	
  

	
  INIENCEFALIA	
  



	
  ENCEFALOSCHISI	
  

	
  INIENCEFALIA	
  



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  

CEFALOCELE	
  
	
  

Protrusione	
  delle	
  struKure	
  intracraniche	
  [encefaliche	
  (ENCEFALOCELE)	
  e/o	
  meningee	
  (MENINGOCELE)	
  
aKraverso	
  dife4	
  delle	
  ossa	
  del	
  cranio	
  e	
  della	
  dura	
  madre	
  

CEFALOCELE FRONTOETMOIDALE 

Mancata regressione proiezione dura madre nasale con creazione tragitto fistoloso 

CEFALOCELE NASOFARINGEO 



	
  CEFALOCELE	
  



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  

CEFALOCELE	
  
	
  

Protrusione	
  delle	
  struKure	
  intracraniche	
  [encefaliche	
  (ENCEFALOCELE)	
  e/o	
  meningee	
  (MENINGOCELE)]	
  
aKraverso	
  dife4	
  delle	
  ossa	
  del	
  cranio	
  e	
  della	
  dura	
  madre	
  

CEFALOCELI della CONVESSITA’ 

•  occipito-cervicali 
•  occipitali 
•  sagittali o parietali 
•  laterali 
•  bregmatici 
•  interfrontali 
•  temporali 

Cefalocele sagittale 

Cefalocele occipitocervicale 



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  

CEFALOCELE	
  ATRESICO	
  
	
  

Erniazione	
  di	
  DURA	
  MADRE	
  e	
  TESSUTO	
  FIBROSO	
  (in	
  associazione	
  a	
  tessuto	
  cerebrale	
  degenerato)	
  
aKraverso	
  le	
  ossa	
  della	
  regione	
  parieto-­‐occipitale	
  

Dura madre + tessuto fibroso + tessuto cerebrale degenerato 



Meningoencefalocele	
  anteriore	
  fronto-­‐nasale	
  

Bambino	
  con	
  liquorrea	
  nasale	
  



DIFETTI	
  da	
  mancata	
  CHIUSURA	
  o	
  SCHISI	
  del	
  CRANIO	
  
	
  

MENINGOENCEFALOCELE	
  
	
  

Protrusione	
  delle	
  struKure	
  intracraniche	
  [encefaliche	
  e	
  meningee]	
  aKraverso	
  dife4	
  delle	
  ossa	
  del	
  
cranio	
  e	
  della	
  dura	
  madre	
  

Erniazione delle strutture cerebellari + meningi della fossa 
cranica posteriore [e del midollo spinale cervico-toracico] 

Diagnosi ecografica prenatale 
Am	
  J	
  Med	
  Genet	
  2005;136:357	
  



Malformazioni	
  
telencefaliche	
  

à MANCA	
  QUALCOSA	
  ……	
  
	
  

• 	
  	
  OLOPROSENCEFALIA	
  
• 	
  	
  Agenesia-­‐ipogenesia	
  CORPO	
  CALLOSO	
  	
  

à QUALCOSA	
  VIENE	
  “COSTRUITA”	
  MALE	
  ……	
  
• 	
  	
  MALFORMAZIONI	
  DELLO	
  SVILUPPO	
  CORTICALE	
  



PROSENCEFALO 

Rostrale 

Caudale 

Dx 

Sx 

Dx Sx 

          Dorsale           

Ventrale  

Neuroporo anteriore 
Neuroporo anteriore 

telencefalo 

telencefalo 

diencefalo 

diencefalo 

telencefalo telencefalo 

22° - 24° giorno di vita gestazionale  

mesencefalo metencefalo mielencefalo 

          Prosencefalo                   Mesencefalo                   Romboencefalo         

Mesencefalo Ponte 
Cervelletto 

Bulbo 

Corteccia cerebrale 
Ippocampo, gangli basali 
amigdala  

Talamo 
Ipotalamo 

Midollo spinale 



MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

OLOPROSENCEFALIA	
  e	
  MALFORMAZIONI	
  CORRELATE	
  
	
  



OLOPROSENCEFALIA	
  

   ALOBARE	
      LOBARE	
     SEMILOBARE	
  



Assenza	
  del	
  setto	
  pellucido	
  	
  



*

MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

OLOPROSENCEFALIA	
  e	
  MALFORMAZIONI	
  CORRELATE	
  
	
  

Persistenza sinus 
falcine  



MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

OLOPROSENCEFALIA	
  e	
  MALFORMAZIONI	
  CORRELATE	
  
	
  

Normale	
   Ciclopia	
  

Etmocefalia	
   Cebocefalia	
  

Schisi	
  mediana	
   Schisi	
  laterale	
  



MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

SINTELENCEFALIA	
  
	
  



MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

DISPLASIA	
  SETTO-­‐OTTICA	
  
	
  



MALFORMAZIONI	
  del	
  PROSENCEFALO	
  MEDIOBASALE	
  
	
  

DISPLASIA	
  SETTO-­‐OTTICA	
  
	
  



Agenesia del setto pellucido con malformazioni associate 



Pan ipopituitarismo  



Corpo	
  calloso	
  	
  

Lamina	
  rostrale	
  e	
  Rostro	
  

Ginocchio	
  

Corpo	
  [tronco]	
  

Istmo	
  

Splenio	
  

Commissure	
  [forcipi]	
  principali	
  &	
  accessori	
  
 

Rostro	
   Commissura	
  anteriore	
  

Ginocchio	
  

Corpo	
  
Istmo	
   Splenio	
  

Commissura	
  posteriore	
  



MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  
COMMISSURE	
  TELENCEFALICHE	
  

	
  Commissura	
  anteriore	
  -­‐-­‐>	
  fibre	
  profonde	
  [3.5	
  milioni]	
  
	
  Commissura	
  ippocampale	
  -­‐-­‐>	
  “psalterio”	
  
	
  Corpo	
  calloso	
  -­‐-­‐>	
  fibre	
  omotopiche;	
  non	
  reciproche;	
  eterotopiche	
  [200	
  milioni]	
  

Commissura IPPOCAMPALE 
 

ARCHEOCORTECCIA 
 
[connette la corteccia del 
rinencefalo --> sistema limbico] 

Commissura ANTERIORE 
 

PALEOCORTECCIA 
 
[connette la corteccia olfattiva 
dei due emisferi] 

CORPO CALLOSO  [connette la neocorteccia dei due emisferi] 
 

   NEOCORTECCIA 

ginocchio 

lamina rostrale e rostro 

splenio 

corpo o tronco istmo 



Forceps	
  minor	
  
ANTERIORE	
  

Forceps	
  maior	
  
POSTERIORE	
  

PALEOCORTECCIA 

ARCHEOCORTECCIA 

NEOCERTECCIA 



ROSSO	
  à	
  da	
  destra	
  a	
  sinistra	
  e	
  viceversa 

AZZURRO	
  à	
  cranio	
  –	
  caudale	
  e	
  viceversa 

VERDE	
  à	
  antero	
  –	
  posteriore	
  e	
  viceversa 



DISGENESIA? 
Distruzione segmentale? 

….. la conoscenza della normale 
sequenza delle tappe dello sviluppo 
aiuta a distinguere tra DISGENESIA 
e lesioni DISTRUTTIVE secondarie 

……………  

AGENESIA 

11 mesi 

13 mesi 



Quale è la parte del CC che appare per prima ? 

 
“VECCHIA	
  SEQUENZA”	
  à	
  Ginocchioà	
  Corpo	
  à	
  Splenio	
  à	
  Rostro	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

à	
  NON	
  ha	
  senso	
  da	
  un	
  punto	
  di	
  vista	
  evoluzionistico	
  ……..	
  
	
  
	
  

Se	
  il	
  Ginocchio	
  fosse	
  davvero	
  la	
  PRIMA	
  struttura	
  a	
  svilupparsi,	
  il	
  CORPO	
  del	
  
corpo	
  calloso	
  non	
  potrebbe	
  essere	
  presente	
  in	
  assenza	
  di	
  ginocchio………….	
  	
  	
  

	
  

1.	
  

4.	
  

3.	
  2.	
   2A.	
  

5.	
  

6.	
  



CORPO CALLOSO à 11 - 12 settimane 

SVILUPPO delle COMMISSURE 

Commissura IPPOCAMPO à 10 - 11 settimane 

12 - 13 settimane 
 

Commissura ANTERIORE à 9 - 10 settimane 

1.	
  
2.	
  

4.	
  3.	
  

2.	
  

4.	
  

3.	
  



 
La “linea MAC” [GINOCCHIO à giunzione anteriore CORPO] 

 
  Corpi MAMMILLARI 

 
   Commissura ANTERIORE 

 
    CORPO CALLOSO [ginocchio] 

 

Linea MAC 

Linea MAC 

Linea MAC 



…. il GINOCCHIO normale è sempre localizzato di fronte  
alla linea MAC ……  

Ginocchio 

Ginocchio 



GINOCCHIO presente …. 

GINOCCHIO assente …. 



From L.Kier  
 

……. il CORPO CALOSO inizia a svilupparsi dalla regione anteriore del corpo e 
cresce bi-direzionalmente ….. 

 

1.	
  

1.	
  

2.	
  

2.	
  

3.	
  
3.	
  



MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  

COMMISSURE	
  TELENCEFALICHE	
  -­‐-­‐>	
  TAPPE	
  di	
  sviluppo	
  embriologico	
  
	
  	
  

[7a - 20a settimana di vita intrauterina] --> malformazioni cerebrali associate 	
  	
  

(2°)  Commissura IPPOCAMPALE (1°)  Commissura ANTERIORE 

(3°)  CORPO CALLOSO 

3b ginocchio 

3e lamina rostrale e rostro 

 3c splenio 

3a corpo o tronco 
3d istmo 

assoni commissurali (“pionieri”)  che attraversano la linea mediana  

Dendriti neuronali dell’emisfero controlaterale 



MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  

• AGENESIA	
  COMPLETA	
  dI	
  tuKe	
  le	
  COMMISSURE	
  TELENCEFALICHE	
  

Commissura IPPOCAMPALE 

Commissura ANTERIORE   (50%)  

CORPO CALLOSO 

ginocchio 

lamina rostrale e rostro 

splenio 

corpo o tronco 

istmo 

   FORMA COMPLETA 

Acta	
  Paediatr	
  2005;94:1066-­‐1072	
  



Agenesia del CORPO CALLOSO  



Agenesia del corpo calloso 

Fascicoli longitudinali del corpo calloso [fasci di Probst] 

normale 



MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  

AGENESIA	
  PARZIALE	
  delle	
  COMMISSURE	
  TELENCEFALICHE	
  

Commissura IPPOCAMPALE 

Commissura ANTERIORE 

CORPO CALLOSO 

ginocchio 

lamina rostrale e rostro splenio 

corpo o tronco 

istmo 

   FORMA PARZIALE anteriore 

Acta	
  Paediatr	
  2005;94:1066-­‐1072	
  



Agenesia giro del cingolo Con giro del cingolo  



MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  

AGENESIA	
  PARZIALE	
  delle	
  COMMISSURE	
  TELENCEFALICHE	
  

Commissura IPPOCAMPALE 

Commissura ANTERIORE 

CORPO CALLOSO 

ginocchio 

lamina rostrale e rostro 

splenio 

corpo o tronco 

istmo 

   AGENESIA ISOLATA della COMMISSURA IPPOCAMPALE  
Acta	
  Paediatr	
  2005;94:1066-­‐1072	
  



• MALFORMAZIONI delle COMMISSURE CEREBRALI 
 

AGENESIA PARZIALE delle COMMISSURE TELENCEFALICHE 
 



B C 

A 

*

* 

Acta	
  Paediatr	
  2005;94:1066-­‐1072	
  

rostro 

*

istmo 

splenio 

MALFORMAZIONI	
  delle	
  COMMISSURE	
  CEREBRALI	
  
	
  

AGENESIA	
  delle	
  COMMISSURE	
  con	
  DISPLASIA	
  delle	
  MENINGI	
  
	
  

Agenesia	
  del	
  CORPO	
  CALLOSO	
  con	
  displasia	
  MULTICISTICA	
  delle	
  meningi	
  interemisferiche	
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Adverse outcome measures were (i) clinical: seizures,
abnormal neurodevelopment and glaucoma; and (ii) radiologi-
cal: abnormal MRI. Absence of adverse outcome measures was
recorded only where definite negative clinical information was
documented, rather than by assumption (for example absence
of glaucoma was recorded only where a normal ophthalmo-
logical examination had occurred). Statistical analysis of the
association between the cutaneous phenotype variables and
outcome measures was by multivariate logistic regression. For
calculation of odds ratios for the effect of involvement of the
forehead on outcome measures, 1 was added to each group to
correct for a value of 0 in one cell.

Results

A cohort of 192 patients with facial PWS was seen between
March 2011 and January 2013. The mean age at the time of
analysis was 8!3 years (SEM 0!4) and the mean patient fol-
low-up period was 8 years. Seventy-five patients had an oph-
thalmological examination, of whom 55 were diagnosed with
glaucoma. One hundred and twenty-one patients had an MRI
of the brain, of which 90 were abnormal. Forty-nine of 162
patients for whom there were reliable data had seizures, and
59 of 143 had neurodevelopmental delay. As a result of these
investigations 104 children were diagnosed with SWS, using
the definition of any facial PWS plus either MRI abnormalities
or glaucoma. The frequencies of the original classification of
V1–3 are shown in Table 1.

Strikingly, there was no significant association between the
trigeminal nerve distribution and an abnormal MRI. Associa-
tions between the eight facial areas from the second classifica-
tion and abnormal MRI were then tested, and independently
significant areas were found to be the central forehead and lat-
eral forehead. Upper-eyelid involvement and bilateral distribu-
tion were initially significant but became nonsignificant when
combined with the lateral forehead and central forehead. We
therefore defined a new area that was the best predictor of an

abnormal MRI, which equates to the ‘forehead’. This is delin-
eated at the lateral and inferior margins by a line joining the
outer canthus of the eye to the top of the ear, and including
the upper eyelid. This area covers parts of the distribution of
all three branches of the trigeminal nerve (Fig. 1b).
Once the forehead area was identified as the relevant area

this was used to model the association with clinical outcome
measures. Of the 103 children in this cohort with involvement
of the forehead, 83 had SWS, and 20 had only the facial PWS.
However, this figure cannot be extrapolated to the total popu-
lation as our cohort is selected for more severely affected
patients. For patients with any involvement of this area the
odds ratio of neurodevelopmental abnormality was 24!7 [95%
confidence interval (CI) 3!2–188!8, P = 0!002], of seizures
15!8 (95% CI 2!1–120!5, P = 0!008) and of glaucoma 14!4
(95% CI 1!8–113!3, P = 0!011). Absolute numbers of those
in each group are shown in Table 2, with Fisher’s exact P-val-
ues. Bilateral involvement was not independently significant in
any of these models when an interaction variable was used.
On closer examination of the data we found that only six
cases had bilateral involvement that did not include the fore-
head on either side. None of these six had any clinical or
radiological adverse outcome.
Interestingly, when abnormal MRI was included in the

model for clinical outcome measures, this was a better predic-
tor of all clinical outcome measures than the forehead distri-
bution of PWS, with odds ratios for seizures of 80!3 (95% CI

(a) (b)

Fig 1. (a) Distribution of the three branches of the trigeminal nerve.
(b) Distribution of the ‘forehead’, defined as any part of the forehead
from the midline to an imaginary line between the outer canthus of
the eye and the top of the ear including the upper eyelids. Figure
adapted from Anatomy of the Human Body.36

Table 1 Frequency of phenotypic distribution of facial port-wine stain
(PWS) using the traditional trigeminal nerve classification, with which
no clear associations were found with SWS, in 171 patients

Trigeminal nerve distribution of PWS Patients, n (%)

V1 alone 25 (14!6)
V2 alone 21 (12!3)
V3 alone 9 (5!3)
V1 and V2 63 (36!8)
V1 and V3 2 (1!2)
V2 and V3 10 (5!8)
V1, V2 and V3 41 (24!0)

Table 2 New clinical classification of PWS phenotype with respect to
clinical outcomes, where both adequate data and photographs were
available

Forehead
involved

Forehead
not involved

Fisher’s exact
P-value

Seizures 36/111 0/33 < 0!001
Abnormal
neurodevelopment

42/93 0/30 < 0!001

Glaucoma 45/92 0/15 < 0!001
Abnormal magnetic
resonance
imaging scan

69/94 0/4 0!002
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Facial	
  embryonic	
  vasculature	
  [new]	
  	
  

9!0–714!6, P < 0!001), neurodevelopmental abnormalities
24!7 (95% CI 3!2–188!8, P = 0!002) and glaucoma 14!4
(95% CI 1!8–113!3, P = 0!011). However, guidelines based
on clinical phenotyping are proposed for practical purposes so
that MRI can be targeted to the highest-risk infants.

Discussion

Recent groundbreaking research by Shirley et al.7 has identified
the causative mutation underlying both Sturge–Weber syn-
drome and the majority of isolated PWSs. This is a somatic
activating mutation in the gene GNAQ, which increases cell
proliferation and inhibits apoptosis due to increased down-
stream signalling through the RAS effector pathways. The cell
of origin affected by the mutation is not yet known, but it is
likely that the mutation occurs earlier in development in SWS
than in isolated PWS, thus affecting a more primitive progeni-
tor with wider potential effects. As all the manifestations of
SWS are thought to be related to abnormal vasculature, we
hypothesized that the identified high-risk ‘forehead’ area
might correspond to the vascular distribution of the face.
We therefore considered the adult arterial supply, the adult

venous drainage and the embryological vasculature of the face.
The central forehead in adult life is supplied by the supra-
trochlear and supraorbital arteries, which are branches of the
internal carotid artery, whereas the lateral forehead is supplied
by the superficial temporal artery, a branch of the external car-
otid. While this supply corresponds to the forehead area (with
central and lateral areas often affected separately), the adult
arterial supply to the cerebral cortex comes only from the
internal carotid, and we therefore discounted adult arterial
supply as a satisfactory explanation for the strong association
between the forehead and cerebral involvement. Adult venous
drainage is far more interconnected and could conceivably be
a reasonable distribution for the observed pattern of facial
PWS. The internal and external jugular veins (unlike their car-
otid artery counterparts) communicate at the level of the mid-
neck, which could help to explain the importance of both the
central and lateral forehead, and as the primary abnormality in
the brain is venous, this seemed a plausible model. However,
it was more difficult to see how the venous patterning could

be related to PWS on other areas of the face, particularly the
relatively common lesions with a sharp lower-edge cut-off
joining the angle of the mouth to the bottom of the ear,
which do not correspond to the venous drainage patterns.
We therefore considered the embryological origin of the

face, which involves the fusion of placodes and the formation
of the optic vesicles (Fig. 2a). Each placode brings its own
developing vasculature from the neural crest, and the primitive
vasculature therefore maps to the placode shaping. We found
that the forehead corresponds to the frontonasal prominence
plus the skin in the optic vesicle area. Crucially, these two
structures are the only parts of the face that are formed by the
migration of neural crest cells from the developing prosen-
cephalon (forebrain) and anterior mesencephalon (midbrain),
whereas the maxillary and mandibular prominences formed
from the first branchial arch consist of neural crest cells from
the posterior mesencephalon and rhombencephalon, respec-
tively.33 As the cerebral cortex and the eye both develop from
the forebrain, the co-occurrence of forehead involvement and
neurological and ophthalmological abnormalities is strongly
suggestive of a single mutation affecting the neural crest cells
emanating from the forebrain region. In some support of this
embryological theory is the notable similarity between the
regions identified here and those identified as being affected
by infantile haemangiomas.34,35 For haemangiomas clear pat-
terns of distribution have been delineated, where the authors
described an association of the nose and philtrum region with
the midline forehead (in that publication so-called segment
4), suggesting that this midline forehead region was narrower
than in previous publications, and described a temporal region
with a lower border running horizontally from the outer can-
thus (segment 1).35 While it is possible that our forehead
region corresponds to segments 4 and 1 together, we have
not looked for associations between PWS in different regions
of the face, as we were focused primarily on adverse out-
comes. We do however have patients with wider central fore-
head involvement that does correspond to the more classical
descriptions of the frontonasal prominence (Fig. 2b–d).
Anecdotally we tested our theory of vasculature-based classi-

fication of PWS using archived pictures of PWS on the limbs
in our patient cohort. We found a striking visual correlation

(a) (b) (c) (d)

Fig 2. (a) Configuration of the facial placodes. The blue area represents the ‘forehead’, constituting a central frontonasal placode (marked by the
dotted lines) and lateral optic vesicle areas. (b) Frontonasal prominence port-wine stain (PWS) – not to be confused with a salmon patch (naevus
simplex). (c) PWS sparing the majority of the frontonasal prominence. (d) Unilateral PWS in the ‘forehead’, suggesting a mutation after division
of vasculature into right and left.
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MALFORMAZIONI	
  dello	
  SVILUPPO	
  	
  CORTICALE	
  
	
  

II.	
  	
  	
  MALFORMAZIONI	
  DA	
  ANOMALIE	
  DELLA	
  MIGRAZIONE	
  NEURONALE	
  
	
  

B)	
  	
  	
  	
  	
  COMPLESSO	
  COBBLESTONE	
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ETEROTOPIE	
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  (BPNH)	
  



ETEROTOPIE	
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Eterotopie	
  subependimali	
  estese	
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  corticali	
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SCHIZENCEFALIE 

Anomalie	
  della	
  Organizzazione	
  Cellulare	
  

POLIMICROGIRIE 



POLIMICROGIRIA	
  

Strato VI  

Strato a Cellule sparse 

Sostanza Bianca 

Ventricoli 

Strati II - III - IV 



MALFORMAZIONI	
  dello	
  SVILUPPO	
  	
  CORTICALE	
  
	
  

III.	
  	
  	
  MALFORMAZIONI	
  DA	
  ANOMALIE	
  DELL’ORGANIZZAZIONE	
  CORTICALE	
  (inclusa	
  la	
  
MIGRAZIONE	
  NEURONALE	
  TARDIVA)	
  

	
  
A)	
  POLIMICROGIRIA	
  E	
  SCHIZENCEFALIA	
  

	
  



Polimicrogiria	
  monolaterale	
  



Polimicrogiria bilaterale  



TORCH	
  	
  CMV	
  

Polimicrogiria	
  ACQUISITA	
  



SCHIZENCEFALIA	
  



MALFORMAZIONI	
  dello	
  SVILUPPO	
  	
  CORTICALE	
  
	
  

III.	
  	
  	
  MALFORMAZIONI	
  DA	
  ANOMALIE	
  DELL’ORGANIZZAZIONE	
  CORTICALE	
  (inclusa	
  la	
  
MIGRAZIONE	
  NEURONALE	
  TARDIVA)	
  

	
  
A)	
  POLIMICROGIRIA	
  E	
  SCHIZENCEFALIA	
  

	
  

A “labbra chiuse” 

A “labbra aperte” 



A labbra aperte  

A labbra chiuse 



•  Controllo / apprendimento movimento (“temporalizzazione generalizzata”) 
•  Controllo della velocità e precisione della percezione di informazioni 
•  Elaborazione processi di acquisizione segnali sensoriali 
•  Memoria a breve termine / Memoria di lavoro 
•  Modulazione delle emozioni / Controllo degli impulsi 
•  Attenzione / Capacità di apprendimento coordinata 
•  Funzioni cognitive superiori / Elaborazione informazioni complesse 
•  Capacità di progettazione rivolta al futuro 

Funzione generale e sofisticata di sostegno per il resto del cervello 



Megacisterna magna  



Cisti aracnoidea retrovermiana 



Cisti di Blake 



MALFORMAZIONI	
  della	
  FOSSA	
  CRANICA	
  POSTERIORE	
  
	
  

	
  	
  	
  	
  	
  	
  COMPLESSO	
  DANDY-­‐WALKER	
  (CDW)	
  
	
  

Allargamento FOSSA CRANICA POSTERIORE 

Ipoplasia VERME CEREBELLARE 

Dilatazione cistica IV VENTRICOLO 

Malformazione DW 

Variante DW 

Cisti aracnoidea retrocerebellare 

Megacisterna Magna 



Malformazione	
  di	
  Dandy-­‐Walker	
  



Normale Dente molare 

Sindrome	
  di	
  Joubert	
  



Deficit	
  di	
  geni	
  correla%	
  alle	
  “ciglia”	
  cellulari	
  

ü Sindrome	
  di	
  Joubert	
  
ü Sindrome	
  di	
  Meckel-­‐Gruber	
  
ü Sindrome	
  di	
  Bardet-­‐Biedl	
  
ü Sindrome	
  Orofaciodigitale	
  	
  

ü Displasia	
  e	
  eterotopia	
  dei	
  nuclei	
  cerebellari	
  
ü Assenza	
  della	
  decussazione	
  piramidale	
  
ü Anomalie	
  del	
  nucleo	
  olivare	
  inferiore	
  
ü Anomalie	
  nel	
  traKo	
  trigeminale	
  discendente	
  
ü Anomalie	
  nel	
  fascicolo	
  solitario	
  
ü Anomalie	
  nel	
  nn.	
  della	
  colonna	
  dorsale	
  
ü Assenza	
  della	
  decussazione	
  dei	
  peduncoli	
  cerebellari	
  
superiori	
  e	
  del	
  traKo	
  centrale	
  pon%no	
  



MALFORMAZIONI	
  CEREBELLARI	
  
	
  

ROMBOENCEFALOSINAPSI	
  
	
  

Assenza / agenesia VERME CEREBELLARE 

Fusione EMISFERI CEREBELLARI 



MALFORMAZIONI	
  della	
  FOSSA	
  CRANICA	
  POSTERIORE	
  
	
  

MALFORMAZIONE	
  DI	
  CHIARI	
  

CHIARI 1 

CHIARI 2 
Malformazione COMPLESSA 

Tonsille cerebellari 

Bulbo e/o ponte 

Forame Magno 

siringomielia 

CHIARI 3 



Chiari	
  I	
  



Chiari	
  I	
  siringomielia	
  



Chiari	
  II	
  -­‐	
  mielomeningocele	
  


