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Diagnosi e classificazione

*ldentificazione dell'erniazione: rilevare la discesa delle tonsille
cerebellari attraverso il forame magno

*Classificazione

°DiaFnosi differenziale: distinguere la malformazione di Chiari
da altre patologie per evitare errori diagnostici

*Studio del flusso del liguor attraverso la Cine-RM
evidenziando ostruzioni a livello del forame magno

*Ricerca di condizioni associate: idrocefalo, midollo ancorato,
scoliosi

* Siringomielia



Identificazione dell'erniazione
Chiari VS Normal
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deformazione peg-like delle tonsille morfologia arrotondata



Quantificazione dell'erniazione

Rilevare la discesa delle tonsille cerebellari attraverso il forame magno
rispetto alla linea basion-opisthion = McRae line

McReIine




ils herniation below the McRae line:
2 5 mm: CM1
petet@yical variation;
3- 5 mm: borderllne ectopia is definitely pathologic if at least one of the following findings is

associated:
» peg-like deformation of the tonsillar profile
» presence of subarachnoid space crowding in the area of the cranio-cervical junction
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findings is associated:

» peg-like deformation of the tonsillar pro

» presence of subarachnoid space crowd
junction




Cerebellar tonsils herniation below the McRae line:

iation;
-5 mm: borderline ectopialis definitely pathologic if at least one of the following
INnAings Is associateaq:
» peg-like deformation of the tonsillar profile
« presence of subarachnoid space crowding in the area of the cranio-cervical
junction
e Syrinx

7 . \ 2 S ﬁ é ' :
deformazione affollamento degli spazi cisternali
peg-like della giunzione cranio cervicale




Classificazione
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CMI1: paraxial mesoderm disorder, with abnormalities of the posterior cranial fossa (mostly small) and the consequent
herniation of the cerebellar tonsils: CM1-A: with syringomyelia on MRI;
CM1-B: without syringomyelia on MRL

CM2: due to prenatal CSF hypotension always associated with myelomeningocele and, in some cases, with hydrocephalus and

syringomyelia. Other types of infracramal defects (hypoplastic tentorium cerebelli, cranial lacunae, anomalies of the Sylvius

aqueduct) may coexist (1).

CM-1.5: cerebellar tonsils and brainstem hemiation (kinking) below the McRae line; defined “complex™ if also skeletal
deformities of craniovertebral junction and cervical spine (Klippel-Feil anomaly, atlanto-occipital fusion, bas
invagination, retroversion of the odontoid process) are present.

CM-0: obliteration of the cisterna magna (due to arachnoid adhesions) and/or volumetn mall posterior fossa, with
cerebellar tonsils positioned at the foramen magnum and a syringomieha in the cervical spinal cord.




CM 1 : erniazione delle
tonsille isolata
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Table 1 Classifications and Definitions

Chiari Malformation classification

C1 CM1: paraxial mesoderm disorder, with abnormalities of the posterior cranial fossa (mostly small) and the consequent
herniation of the cerebellar tonsils: CM1-A: with syringomyelia on MRI;
CM1-B: without syringomyelia on MRI.
CM2: due to prenatal CSF hypotension always associated with myelomeningocele and, in some cases, with hydrocephalus and
syringomyelia. Other types of intracranial defects (hypoplastic tentorium cerebelli, cranial lacunae, anomalies of the Sylvius
aqueduct) may coexist (1).

CM-1.5: cerebellar tonsils and brainstem hemiation (kinking) below the McRae lin€ defined “complex™ iDalso skeletal
deformities of craniovertebral junction and cervical spine (Klippel-Feil anomaly, atlanfG-oceipi sion, basilar
invagination, retroversion of the odontoid process) are present.




Anomalie della giunzione cranio-cervicale e del rachide cervicale

Assimilazione di C1 Ipoplasia del basioccipite



Invaginazione basilare

Risalita del dente di C2 > 5 mm al di sopra della linea di Chamberlain



PLATIBASIA

aumento dell’angolo basale



Metodo Modificato

Normale:
Platibasia >143° range 116°-118° per adulti
Cifosi <125° 113°-115° per bambini

AJNR Am J Neuroradiol 26:89-92, 2005



Table 1 Classifications and Definitions

Chiari Malformation classification

CMI1: paraxial mesoderm disorder, with abnormalities of the posterior cranial fossa (mostly small) and the consequent reement.
herniation of the cerebellar tonsils: CM1-A: with syringomyelia on MRI; 85.4%
CM1-B: without syringomyelia on MRL Grade D

CM2: due to prenatal CSF hypotension always associated with myelomeningocele and, in some cases, with hydrocephalus and Agreement:
syringomyelia. Other types of intracranial defects (hypoplastic tentorium cerebelli, cranial lacunae, anomalies of the Sylvius 85,
aqueduct) may coexist (1).

CM-1.5: cerebellar tonsils and brainstem hemiation (kinking) below the McRae line; defined “complex™ if also skeletal

ical spine (Klippel-Feil anomaly, atlanto-occipital fusion, basilar
are present.

CM-0: obliteration of the cisterna magna (due to arachnoid adhesions) and/or volumetrically small posterior fossa, with reement.
cerebellar tonsils positioned at the foramen magnum and a syringomielia in the cervical spinal cord. 81.3%

rade D




Erniazione acquisita

Secondaria ad un tumore della fossa posteriore / cisti aracnoidea




Ipertensione Intracranica Idiopatica

vari segni neuroradiologici associati
papilledema, distensione delle guaine periottiche,decorso tortuoso dei nervi ottici
stenosi dei seni venosi,sella vuota,riduzione ventricoli




Chiari 1

« Cisterna prepontina di regolare
ampiezza

* Protuberanza pontina

» Deformazione “peg like”

Ipotensione Intracranica

Cisterna prepontina obliterata
Protuberanza pontina appiattita
Riduzione volume del IV ventricolo
Tonsille cerebellari di regolare morfologia



Chiari vs
Ipotensione Intracranica




Phase Contrast cine MR

Anomalie del flusso Liquorale

Riduzione Ostruzione
anteriore posteriore




Ricerca di anomalie associate

IDROCEALO?




- 2

Midollo ancorato posteriormente a S1
con un filum terminale ispessito e
lipomatoso




Scoliosi

35% Syr,
28% CM1 con Syr,
25% CM1 isolata




Siringomielia
Cavita endomidollare a segnale isoliquorale

con flusso allo studio Cine- RM
priva di enhancement dopo mdc




Siringomielia secondaria (Tipo lll)
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Siringomielia-Classificazione

Type I: syringomyelia with obstruction of the foramen magnum and dilation of the central spinal canal:
a) Associated with CMI1:

b) Associated with other obstructive lesions of the foramen magnum;

Type II: syningomyelia without obstruction of the foramen magnum, or idiopathic;

Type III: synngomyelia with other diseases of the spinal cord (secondary):

a) Spinal cord tumours (usually intraspinal);

b) Traumatic myelopathy;

c) Spmal arachnoiditis and pachymeningitis;

d) Myelomalacia due to compression of the spinal cord (tumor, spondylosis);







estensione al bulbo ‘ Siringobulbia
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Estensione al ponte
(rara)




Dilatazione del canale ependimale centrale

Presente alla nascita, progressiva chiusura
progressiva ma puo persistere

Non associata a sintomi clinici

Posizione leggermente anteriore nel midollo
cervicale, centrale nel midollo dorsale
Fusiforme sul piano sagittale, rotonda sul piano
assiale

Di pochi millimetri di diametro (1-2 mm)
Spesso localizzata in un breve segmento del
midollo spinale

Non si associa rigonfiamento del midollo spinale




Siringomielia ?
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Due foccjiui d'aerintensité
\ T2 nelle corna anteriori

Malattia di Hirayama (Amiotrofia monomelica)



Malattia di Hirayama

Nella posizione in iperflessione si ha un incremento delle dimensioni del plesso venoso
nello spazio epidurale posteriore con dislocazione anteriore,compressione del midollo
spinale, ischemica cronica con sofferenza delle corna anteriori e necrosi




Siringomielia ?

4

Mielopatia da deficit di vitamin B12
Degenerazione dei cordoni laterali e posteriori dovuta a demielinizzazione



Siringomielia terminale vs
VentricoloTerminale Persistente

Dilatazione del canale centrale ependimale a livello del cono
In genere regredisce durante la prima settimana di vita



Monitoraggio nel tempo




Edema presiringomielico ‘ Comparsa cavita siringomielica

O, X

MR Giugno 2020 MR Febbraio 2021







L'estensione cranio- caudale di una syr nota e preceduta dall’edema presyr
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Siringomielia idiopatica?




3 anni dopo....




Supporto alla Decisione Chirurgica




Ostruzione del flusso liquorale




VAQUERO INDEX

Rapporto tra il diametro ap della cavita’ syr nel
suo punto di maggior ampiezza
e il diametro del canale vertebrale

Sag T1
linea mediana

INTERVENTO

CHIRURGICO




Progressione radiologica

* Comparsa di syrin paziente con CM inizialmente isolata
* Espansione della siringomielia nel follow-up

Febbraio ‘22




Follow-up post-chirurgico

Complicazioni post-chirurgiche




Efficacia della decompressione della fossa cranica posteriore

Phase Contrast Cine MR

Ripristino flusso liquorale




Riduzione del diametro e

dell’estensione della siringomielia




Riduzione dell’Indice di Vaquero




Fattori prognostici
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Abstrack: Background: Syringomyelia (Syr) in patients with Chiari 1 malformation (CM1) may
be attributable to abnormal dynamics of cerebrospinal fluid (CSF) in the upper cervical segment;
fourth ventricle enlargement has been reported in association with a worse clinical and radiological
presentation, independently of the posterior fossa volume. In this study, we analyzed presurgery
hydrodynamic markers to evaluate if their changes could be associated with clinical and radiological
improvement after posterior fossa decompression and duraplasty (FFDLY). As a primary endpoint, we
aimed to correlate improvement in the fo = i sitive clinical outcomes. Methods:

In total, in this study, we enrolled 36 consecutive adults with Syr and CM1vho were followed by
a multidisciplinary team. All the patients were prospectively evaluated with clinical scales and

neuroimaging, including CSF flow, the fourth ventricle area, and the Vaguero Index by using a

phase-contrast MRI before (T0) and after surgical treatment (T1-Tlast, with a range of 12-108 months).

The CSF flow at the craniocervical junction (CCJ), the fourth ventricle area, and the Vaquero Index
changes were statistically analyzed and compared to the clinical and quality of life improvement
after surgery. The good outcome prediction ability of presurgical radiological variables was tested.
Results: Surgery was associated with positive clinical and radiological cutcomes in more than 90%
of cases. The fourth ventricle area significantly reduced after surgery (T0-Tlast, p = 0.0093), but no
significant associations with clinical improvement were found. The presurgical presence of CSF
flow at the CCJ was able to predict a good outcome (AUC = 0.68, 95% CI 0.50-40.87 and LH+ = 2.1,
IC 95% 1.16-3.07) and was also significantly associated with post-surgical pain relief (rho = 0.61
and p = 0.0144). Conclusions: Presurgery CSF flow at the CC] is proposed as a radiological marker
with the ability to predict a positive outcome after FFDD in adults with syringomyelia and CM1.
Measurements of the fourth ventricle area could be useful additional information for evaluating
surgical long-term follow-up; further experience on larger cohorts is required to better define the
prognostic yield of this radiological parameter.
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3.2. Follow-Up: Clinical and Radiological Outcomes

The statistical pre/post-surgery comparisons among clinical and radiological variables
are reported in Table 5. The VAS and CSS scores were significantly reduced, both at short-
term and long-term follow-up (FU). The fourth ventricle area (Figure 2(1)) presented a
significant reduction at short-term FU. The Vaquero Index (Figure 2(2)) was significantly
reduced at short- and long-term FU; CSF flow at the CCJ was significantly improved at
short- and long-term FU. -

Table 5. Radiological and clinical changes at TO-T1, TO-Tlast, T1-Tlast (statistical comparison).

Parameters TO T1 Tlast p-Value

Mean (5D) Mean (SD) Mean (SD) T0-T1 T1-Tlast TO-Tlast
Fourth Ventricle Area (mm?) 124.23 (52.63) 116.64 (50.57) 110.63 (40.27) 0.0571 0.0373 0.0093
CSF flow score 2.3 (0.59) 1.92 (0.65) 1.69 (0.74) 0.0009 0.0325 <0.0001
Vaquero Index 0.49 (0.17) 0.30 (0.18) 0.28 (0.21) <0.0001 0.4196 0.0002
CSS 1.19 (0.92) 0.94(0.83) 0.94 (0.88) 0.0016 0.572 0.0091
VAS 3.29 (2.87) 2.31 (2.58) 1.97 (2.92) 0.0188 0.449 0.0266
mRS 1.33 (0.53) 1.31 (0.75) 1.28 (0.92) 0.7677 0.4882 0.5

Radiological and clinical variations at pre-surgery and post-surgery follow-up. Mean and 5 of all the parameters
are reported. All the radiological parameters significantly improved after surgery as well as clinical and pain
scores. Bold face characters indicate statistically significant differences. CSF, cerebro-spinal fluid; CS5, clinical
sign score; VAS, visual analog scale; mR5: modified Rankin scale.



Area del IV ventricolo 245 mm : Area del IV ventricolo 139 mm :




However, due to the pilot nature of this study, the obtained results should be inter-
preted with the awareness of some limitations. The first limitation is the retrospective
measurement of the fourth ventricle area. To overcome this limitation, as mentioned in the
text, all the measurement were performed by a single radiologist; moreover, because this is
the first study specifically aimed to describe this new technique, a normal control group was
identified and matched to patients by size, sex, and age, as described in details in the Meth-
ods section, statistical analysis (“control group selection™). The second limitation of this
study is the relatively small sample size of patients. Although our patients were admitted at
a single Institution and investigated homogeneously according to a multidisciplinary and
standardized protocol, the small cohort could not provide reliable results on the statistical

analysis, in primis, on the prognostic role of the presurgical fourth ventricle area. Finally,
fourth ventricle area variability was wider in our patients than we expected based on the
literature. We are planning to quantify and compare the fourth ventricle volume with the
fourth ventricle area in a larger series of patients in Spective, collaborative, multicentri
study in order to better define the predictive role W
In summary, presurgery CSF flow at the C(] is proposed as a radiological marker that
can predict a positive outcome after PFDD in adults with syringomyelia and CM1 at short-
and long-term follow-up. Phase-contrast brain MRI should be proposed in the preoperative

diagnostic path. Nevertheless, surgical indication and treatment of syringomyelia with
CM1 must include careful preoperative analvsis of a single clinical case, involving all the
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