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Introduction

This chapter is addressed to the description of the
forms of caudal herniation through the foramen
magnum different from Chiari type I malformation,
which is largely the most common variant of hind-
brain herniation. Among the here-illustrated condi-
tions, Chiari type II malformation is the most
frequently encountered in the clinical practice, fol-
lowing the epidemiological distribution of the open
spina bifida to which it is strictly related. Chiari II
malformation provides diagnostic and management
challenges because it is not a single malformation
but a constellation ofmalformations involving either
the neural (brain, cerebellum, spinal cord) and the
bony structures (skull, spine). The clinical picture
can vary significantly according to the age at onset
and the severity of the brainstem dysfunction. On
the other hand, the other variants are very rare, like
Chiari type III malformation, or exceptional and
nosographically still debated, like Chiari types IV
and V malformations. These rare forms are quite
often burdened by a dismal prognosis.

Definition and Classification

The eponym “Chiari malformation” is adopted to
indicate a hindbrain herniation into the upper spinal
canal in recognition of the pathologist Hans Chiari
who carried out the first systematic analysis of the
phenomenon (Chiari 1891). Sometimes, the term
“Arnold-Chiari malformation” is still used to indi-
cate this herniation in patients with open spina bifida
(Chiari II malformation) as result of the first descrip-
tion of this condition by Julius Arnold (1894) and
the eponym created by two of his pupils in honor of
their mentor (Schwalbe and Gredig 1907).

In the last decades, several new entities
(in particular, different subtypes of Chiari I malfor-
mation) have been described in addition to the
“original” four variants of Chiari malformations.
They are here briefly summarized for an overall
classification and for a correct differentiation from
the Chiari malformations illustrated in this chapter:

• Chiari type I malformation (C-I): prolapse of
the cerebellar tonsils 5 mm or more below the
foramen magnum (basion-opisthion line),

according to the universally used criteria by
Ester and Chen (Elster and Chen 1992).

• Borderline Chiari I malformation: 3–4mm her-
niation of the cerebellar tonsils. A less than
3 mm prolapse is considered normal as well
as a 6 mm ectopia in children during the first
decade of life (Mikulis et al. 1992).

• Chiari 0 malformation: symptomatic condition
with hydromyelia and crowded foramen mag-
num but without tonsillar herniation (Isik et al.
2009).

• Chiari 1.5 malformation: caudal displacement
of the tonsils, brainstem, and IV ventricle with-
out spina bifida (Iskandar and Oakes 1999).

• Chiari type II malformation (C-II): complex
malformation, almost invariably associated
with myelomeningocele or other forms of open
spina bifida (OSB), consisting of the herniation
of the cerebellar vermis and tonsils, medulla
oblongata, and IV ventricle (usually the inferior
portion) below the foramenmagnum. The use of
the term “C-I” to indicate mild forms of hind-
brain herniation in OSB is then incorrect.

• Chiari type III malformation (C-III): severe
ectopia of the cerebellum and the brainstem/
IV ventricle coupled with an occipital or upper
cervical encephalocele.

• Chiari type IV malformation (C-IV): bilateral
cerebellar hypoplasia, which is not a form of
hindbrain herniation (“cerebellar hypoplasia
without herniation of posterior fossa content
into the spinal canal,” according to the original
Chiari’s definition), plus occipital
encephalocele (Chiari 1896).

• Chiari type V malformation (C-V): quite
recently introduced to describe the absence of
the cerebellum and herniation of the occipital
lobes through the foramen magnum (Tubbs
et al. 2012).

Chiari Type II Malformation

Epidemiologic and Etiologic Aspects

The incidence of C-II necessarily corresponds to
that of OSB, to which is strictly related. The
incidence of the latter varies significantly in the
different areas of the world because of the
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differences in ethnicity, economic levels, and
health policies, e.g., folic acid prophylaxis and
pregnancy termination. The incidence of OSB is
traditionally estimated to be around 1/1000 live
births (ranging from 0.2 to 2/1000) (Dias 1999).
The highest rates were registered in the British
Isles (2.4–3.8 up to 5/1000 live births and in the
Irish population) (The EUROCAT Working
Group 1987), while the incidence in the continen-
tal Europe (0.1–0.6/1000 live births) (The
EUROCAT Working Group 1991) overlapped
that of North America (0.3–0.4/1000 live births,
with the higher figures recorded in the Hispanic
population) (Josan and Morokoff 2008). Cur-
rently 300,000 new cases of myelomeningocele/
year are expected in the world, with a significant
reduction (up to 80%) in the Western countries
compared with the developing ones (Aguilera
et al. 2009). About one fourth of the pregnancies
in Western countries are electively terminated fol-
lowing the intrauterine recognition of OSB (Velie
and Shaw 1996). The incidence of C-II in subjects
with OSB is about 98% (range, 90–100%), which
further confirms its strict relationship with this
specific form of dysraphism (McLone 1998).
Even though the occurrence of C-II depends on
the CSF loss during the intrauterine life secondary
to OSB (as the results of its intrauterine repair
unequivocally demonstrated), in the vast majority
of the cases in the world, its epidemiology
remains still associated to that of OSB: in other
words, to the understanding of its complex inter-
action between environmental and genetic factors
on the base of which prophylactic measures can be
established. The folate deficiency resulting from
an inadequate intake before the conception and
during the pregnancy is the most important and
well-established environmental risk factor
(Ganesh et al. 2014; Meijer and de Walle 2005;
MRC Vitamin Study Research Group 1991;
Pitkin 2007; Ray et al. 2002). Other possible risk
factors are represented by maternal obesity and
hyperinsulinemic diabetes, maternal intake of
antiepileptic drugs in the periconceptional period
(in particular, carbamazepine and valproate), and
febrile illness in the early pregnancy (Chambers
et al. 1998; Melvin et al. 2000; Shaw et al. 1996).
Many teratogens can induce OSB and C-II in
animal models (Sim et al. 1996; Sim et al. 2013).

Moreover, the serum deficiency of vitamin B12
has been suggested as possible specific risk factor
for C-II (Verma and Pratiaraj 2012; Welsch et al.
2013). Other than by syndromes (trisomy 13 and
18, Fraser syndrome, Waardenburg syndrome)
and by affected siblings (Papp et al. 1997), the
risk of OSB is increased by genetic mutations
involving the synthesis and metabolism of
the folate and its metabolites (e.g., gene for
the folate-homocysteine pathway enzymes)
(Schwahn and Rozen 2001; Van der Linden et al.
2006) or the genes necessary for the metabolism
of substances necessary for the embryonal devel-
opment (e.g., Pax gene family) (Hol et al. 1996;
Melvin et al. 2000). Among these genes, the
methylene tetrahydrofolate dehydrogenase gene
(MTHFD) is crucial in the folate metabolism path-
way. Actually, MTHFD 1G1958A gene polymor-
phism has been found as strongly related to OSB
(Jiang et al. 2014).

Pathogenesis

OSD is universally accepted to originate from the
morphogenetic movements occurring during the
neurulation (see pertinent chapter in this book). In
spite of the strict relationship between C-II and
OSB, C-II is not observed during the embryonal
life, but it appears only during the fetal life, thus
suggesting that it is a secondary anomaly and not a
primary one (Osaka et al. 1978). The first hypoth-
esis to explain its occurrence was made by Chiari
itself who postulated that the hindbrain prolapse
was the consequence of the pressure from above
exerted by the hydrocephalus (Chiari 1891). If
this theory can be still partially accepted for
some cases of C-I, it is not valid for C-II as the
malformation in some cases is not associated to
the presence of hydrocephalus and in many
affected subjects, the hydrocephalus starts after
the myelomeningocele repair. Moreover, the ros-
tral herniation of the superior cerebellum cannot
be justified by the hydrocephalus. Penfield and
Coburn, on the other hand, proposed as pathoge-
netic mechanism of C-II a caudal traction exerted
from below by the spinal cord anchored to the
dysraphic spinal defect (Penfield and Coburn
1938). They based their theory on the case of a
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young woman with thoracic OSB whose cervical
spinal roots had an oblique upward course rather
than an horizontal one at autopsy. This mecha-
nism, however, is currently discarded because the
oblique course of the spinal cord roots is not
constantly observed in OSB and because it does
not produce hindbrain herniation in similar con-
ditions with tethered cord (e.g., closed spina
bifida). A tissue hyperplasia at the level of the
foramen magnum was postulated by Barry and
coworkers in 1957 (Barry et al. 1957). Although
this hyperplasia has not been confirmed, the con-
cept of a primary brain dysgenesis, firstly pro-
posed by Cleland in 1883 (Cleland 1883), has
been taken into account to explain the C-II asso-
ciated anomalies and even the occurrence of C-I in
subjects with other neurological diseases (e.g.,
epilepsy, autism) (Massimi et al. 2011a).

The “unified theory” proposed byMcLone and
Knepper in 1989 remains the most accepted one
(McLone and Knepper 1989). Accordingly, C-II
can be defined as a dysembriogenetic process
resulting from the incomplete occlusion of the
spinal neurocele with chronic escape of CSF
from the neural tube at the myelomeningocele
site causing the collapse/missed opening of the
IV ventricle followed by low pressure on the
surrounding mesenchyme: the subsequent under-
sized posterior cranial fossa (PCF) creates a mis-
match between the PCF itself (too small) and its
content (normal cerebellar and brainstem volume)
with following caudal prolapse of the latter. Such
a decompression of the cerebral vesicles and ven-
tricles would result in the “pan-cerebral” and
“pan-cranial” malformation that is found in OSB
patients (McLone and Dias 2003). A similar CSF
siphoning mechanism was propounded by Cam-
eron in 1957 (Cameron 1957). The experimental
surgical models of OSB clearly show that C-II is
not a simply associated anomaly of OSB but the
result of OSB (Paek et al. 2000; Sim et al. 2013;
Weber-Guimaraes et al. 2005). The reversion of
C-II after prenatal OSB repair observed after both
experimental and clinical experiences (Adzick
2013; Bouchard et al. 2003; Sutton et al. 2003;
von Koch et al. 2005a) further supports the
hypothesis that the CSF leakage through the
exposed central canal prevents the CSF hydrody-
namics and the enlargement of PCF, resulting in

hindbrain herniation (McLone and Naidich 1992).
The unified theory also explains the typical
decompensation of hydrocephalus after the
myelomeningocele closure though it does not
explain those cases of hydrocephalus and syrin-
gomyelia occurring already in the fetal life,
unless considering them as an effect of the
hindbrain herniation itself. According to the
review on the “unifying hypothesis for hydro-
cephalus, Chiari malformation, syringomyelia,
anencephaly and spina bifida” by Williams
(2008), (1) PCF hypoplasia associated to C-II
prevents the CSF exit from the spine to the
head as the blood enters the central nervous
system during the movements, causing syringo-
myelia and the spinal cord damage found in
OSB; (2) in turn, these two conditions prevent
the escape of CSF from the head to the spine
favoring the occurrence of hydrocephalus and
the brain injury found in anencephaly.

The presence of other brain (e.g., large
massa intermedia, tectal beaking, or heterotopia)
and membranous and bone covering malfor-
mations (e.g., meningeal and falx anomalies,
craniolacunae, or short clivus) remains partially
unexplained though suggesting a more complex
anomaly involving both the neuroectoderm and
the mesoderm (Massimi et al. 2011a). On these
grounds, a multifactorial theory could be advo-
cated to explain the origin of C-II in OSB, taking
into account the unified theory and a dysgenesis of
the neural and bone tissues. Indeed, a mesoderm
deficiency, causing the hypoplasia of the PCF, has
been induced in the experimental models of C-II
and OSB (Di Rocco and Rende 1989; Marin-
Padilla and Marin-Padilla 1981).

Pathological Findings

C-II is a group of malformations mainly
consisting in an undersized PCF with partial cau-
dal herniation of its content. The relationship with
open dysraphisms must be emphasized since C-II
occurs only in OSB, so that it is considered as part
of OSB complex (Cama et al. 1995). Sometimes,
C-II is poorly evident (viz., when the PCF volume
is quite normal), but it is absent in OSB very rarely
(Tortori-Donati et al. 2000).
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Macroscopic Findings
The macroscopic picture of C-II is characterized
by a rich and variegated number of pathological
findings and associated anomalies as expression
of a dysplasia of all the central nervous system
(Gilbert et al. 1986; Iskandar and Oakes 1999;
McLone and Dias 2003; Raybaud and Miller
2008; Van Roost et al. 1995). They can be sum-
marized as follows (see also Table 1):

1. As far as the PCF content is concerned, a
significant elongation and dysplasia of the cer-
ebellum are present, which are prolapsed into
the upper spinal canal together with the IV
ventricle and its choroid plexus and the

medulla. All these structures are elongated
and may be variously dysplastic. The herniat-
ing cerebellum, other than the hemispheres,
tonsils, and vermis, often involves also the
nodulus, pyramid, and uvula. The herniating
tissue resembles a peg or a long tail, usually
extending to C2–C3 level but often up to
C4–C5 or more. The prolapsed cerebellum
may cover the roof IV ventricle or may be
intraventricular. In addition, the neural struc-
tures may present several anomalies, such as
kinking of the cervico-medullary junction,
upward herniation of the superior part of the
cerebellar vermis through the tentorial notch
(generally enlarged), stretching of the lower

Table 1 The “constellation” of C-II-related and associated malformations

Posterior cranial
fossa Spine and spinal cord Midbrain Supratentorial space

Prolapse (>C2–
C3) of dysmorphic/
elongated tonsils
Upward and
downward
displacement of the
vermis
Elongation and
herniation of the IV
ventricle and its
choroid plexus
Medullar (and
pontine) kinking/
elongation/
herniation
Elongation and
stretching of the
lower cranial
nerves
Hypoplasia of the
brainstem nuclei
Fusion of the
colliculi
Overcrowded
foramen magnum
Tentorial
hypoplasia with
low attachment of
the tentorium
Undersized and
shallow PCF
Enlarged (or, more
rarely, small)
foramen magnum
Cloverleaf skull
Shortened clivus

Myelomeningocele
Syringomyelia (often
holocord and with
syringobulbia)
Tethered cord
Various spinal cord
anomalies
(diastematomyelia,
diplomyelia, neurenteric cyst,
dermoid cyst, etc.)
Klippel-Feil syndrome
Atlanto-axial assimilation
Scoliosis
Kyphosis
Hyperlordosis
Hemivertebrae
Absent or fused ribs
Other types of vertebral
fusion and anomalies

Midbrain deformation
(elongated
anteroposteriorly and
narrowed transversely)
Stenosis of the
aqueduct
Forking or kinking of
the aqueduct
Beaking of the tectal
plate
Fusion of the inferior
colliculi

Hydrocephalus
Dysmorphic lateral ventricles
(oblique and round frontal horns,
colpocephaly, parallel long axis of
the two ventricles)
Small third ventricle with
malformed floor
Thick lamina terminalis
Hypoplasia/absence of the septum
pellucidum
Enlarged or duplicated massa
intermedia
Callosum anomalies
Absence of anterior commissure
Stenogyria
Polymicrogyria
Heterotopia
Hypoplasia/fenestration of the
cerebral falx scalloping of the
petrous bone
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cranial nerves, forking or kinking of the
Sylvian aqueduct, beaking of the
quadrigeminal plate, and rhombencephalo-
synapsis (very rare condition with fusion of
the cerebellar hemispheres and dentate nuclei
because of agenesis of the vermis) (Sener and
Dzelzite 2003). Based on the autoptic observa-
tions of Emery andMacKenzie in 300 children,
the mildest forms of hindbrain herniation are
characterized by IV ventricle in normal posi-
tion and are revealed only by the upward angle
at which the first couple of cervical roots exits
the cord (Emery and MacKenzie 1973). The
most severe forms, on the other hand, show
displacement of the IV ventricle in the foramen
magnum (with caudal cyst) and kinking of the
medulla. According to these authors, the sever-
ity of C-II is directly proportional to the exten-
sion of the myelomeningocele and inversely to
the length of the cervical dentate ligaments.

2. Also the bones of the PCF and the dural enve-
lopes are involved in the malformation pro-
cess, being characterized by small volume of
PCF (seldom, normal, or quite normal), which
is counterbalanced by a wide enlargement of
the foramen magnum, craniolacunae (thinning
or complete erosion of the skull, especially
involving the upper half of the skull), shorten-
ing of the clivus (often concave and thinned),
scalloping of the petrous bone, tentorial hypo-
plasia, low attachment of the tentorium (the
torcula often lying just above or in correspon-
dence of the foramen magnum), hypoplasia,
and/or fenestration of the cerebral falx.

3. With regard to the supratentorial space, the
most common associated anomaly is hydro-
cephalus (up to 90% of cases), with typical
features such as colpocephaly, round and
oblique frontal horns (pointing ante-
romedially), and thin third ventricle. A large
mass intermedia is frequently encountered.
Callosal hypoplasia or agenesis, polygyria,
microgyria, and subcortical heterotopia may
complete the picture. The most typical cortical
pattern (about 50% of cases with C-II) is the
so-called stenogyria (Gilbert et al. 1986). This

term indicates a cortical overfolding with
packed gyri (but with normal sulcation, differ-
ently from polymicrogyria), especially involv-
ing the posteromedial cortex.

4. The spinal cord-associated malformations are
represented by myelomeningocele in about all
cases (and its possible related anomalies, e.g.,
dermoid cyst, diplomyelia, etc.) and syringo-
myelia in more than 50% of cases, ranging
from 40% to 95% (and its consequences, like
scoliosis).

Microscopic Findings
The histological analysis of the prolapsed tonsils
and cerebellar tissue reveals atrophy and gliosis.
The atrophy results from depletion of Purkinje
and granule cells and absent/reduced myelination
of the fibers composing the cerebellar folia (Sav
2008). In the brainstem, a distortion of tracts and
nuclei is common as well as hypoplasia or dys-
genesis/agenesis of cranial nerve and pontine
nuclei (Gilbert et al. 1986). These findings can
be primary or secondary to a compression dam-
age. The extreme form of cerebellar damage,
called vanishing cerebellum, is characterized by
secondary cerebellar shrinkage coupled with
brainstem atrophy and the other OSB brain find-
ings (Boltshauser et al. 2002).

A dense arachnoid scarring is found around the
embedded neural prolapsing structures.

In the brain hemisphere, areas of focal cortical
dysplasia and gray matter heterotopia can be eas-
ily recognized within the white matter. The nor-
mal cortical cytoarchitecture is preserved in the
polygyric pattern, while laminar abnormalities
can be appreciated in case of polymicrogyria.

Clinical Picture
C-II per se remains asymptomatic or poorly symp-
tomatic in most of the cases. This is because of the
congenital distribution of the herniating hindbrain
within the foramen magnum and the upper spinal
canal, which consequently result enlarged to
accommodate this excess of neural tissue. Actu-
ally, the C-II neurological deterioration is quite
rarely seen as primary event, which usually affects
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neonates and infants (see below). More com-
monly, the deterioration results from the C-II
associated malformations; of course, this aspect
may complicate the clinical diagnosis. Frequently,
the clinical worsening occurs after a raised ICP,
mainly in infants with new-onset hydrocephalus,
or decompensation of an already existing hydro-
cephalus (e.g., shunt malfunction in older chil-
dren). Such a decompensation can cause clinical
signs and symptoms by worsening the hindbrain
structures’ prolapse and/or the possible associated
syringomyelia. Syringobulbia and/or syringomye-
lia, as well as tethered cord, on the other hand, can
worsen independently from the raised ICP and can
produce signs/symptoms referable to C-II or that
can worsen C-II itself (especially, compression on
the bulbo-cervical junction by syringomyelia).
Similarly, the clinical picture can be dominated by
the neurological worsening resulting from the
myelomeningocele (e.g., bladder and/or bowel
dysfunction, late sensory-motor deterioration) or
its associated spinal problems (especially, scolio-
sis). The problems related to myelomeningocele,
syringomyelia, tethered cord, and spine usually
occur in old children and adolescents rather than
infants and young children.

Symptomatic C-II is revealed by bulbar, cere-
bellar, or spinal cord dysfunction as dyspnea, dys-
phagia, dysphonia, nystagmus, vertigo, ataxia,
paresthesia, and spastic tetraparesis. The clinical
picture varies substantially with the age.

Neonatal Period and Early Infancy
In newborns and infants, the brainstem dysfunc-
tion/compression is prevalent, presenting with
stridor and/or high pitched cry (which are crucial
signs revealing the vocal cords paralysis), central
apnea, depressed gag reflex, swallowing distur-
bances, breath-holding spells (leading even to
loss of consciousness), bradycardia, recurrent
aspiration pneumonia, opisthotonus (other impor-
tant, revealing sign of PCF neural compression),
hypotonia, and tetraparesis (or variable weakness
of upper and lower arms). These symptoms are
estimated to occur in 5–10% of cases (Sgouros
2008). It is worth noting that the clinical onset can

be insidious and not easy to be recognized in
neonates. Indeed, they can show, as isolated or
in combination, poor sucking and poor crying
(because of dyspnea), poor feeding and vomiting
(because of dysphagia), torticollis, unilateral
facial palsy, and lower limb weakness, which
may be overlooked or attributed to other causes.

The deterioration is more frequent in the first
months of life when it can represent a life-
threatening emergency because of the acute and
sudden occurrence of apnea and aspiration pneu-
monia. Typically, however, these clinical signs are
present already at birth and evolve after the clo-
sure of the myelomeningocele and/or after the
appearance of hydrocephalus. The severe evolu-
tion is often progressing and not responsive to the
surgical and/or medical management (because of
the primary brainstem damage) leading to the
death of the affected patient. The occurrence of
congenital symptoms is explained by some
authors by a granulomatous meningitis induced
by the contamination of the CSF with the vernix
caseosa (Stritzke et al. 2011).

Finally, C-II can be concomitant to several and
variable pathological conditions or syndromes.
Recently, for example, two rare associations have
been described: C-II and achondroplasia, with the
subsequent, challenging “double-hit” at level of the
foramen magnum (Awad et al. 2014), and C-II
and triple spinal dysraphism (myelomeningocele,
lipomyelomeningocele, and split cord malforma-
tion type I), with the following pathogenetic puzzle
(Dhandapani and Srinivasan 2016).

From Late Infancy to Adulthood
In older children and adolescents, the symptoms
arising from the brainstem and lower cranial nerve
dysfunction/compression/stretching are uncom-
mon. Indeed, cerebellar and spinal signs and
symptoms are prevalent, partially resembling
those of patients with C-I. Occipital and cervical
pain (sometimes, cough headache), syncopal epi-
sodes, weakness of the upper extremities (cervical
myelopathy), increased tendon reflexes, spastic-
ity, paresthesia, ataxia, scoliosis, worsening of the
bladder function, strabismus, nystagmus, defects
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of pursuit and optokinetic movements, and con-
vergence can be observed. The occurrence of
episodes of aspiration pneumonia and the deteri-
oration of the ambulation and/or the scoliosis can
orientate the diagnosis. The clinical diagnosis, in
fact, can be hard also in old children because of
the signs and symptoms that can be referred to
the various conditions associated with OSB. The
aforementioned cortical anomalies may account
for the occurrence of seizures (Shankar et al.
2016).

Sleep-disordered breathing is predictable, but
being not explored routinely, it is probably
underreported (Vinck et al. 2006). The analysis
of 16 C-II children by Alsaadi et al. demonstrated
a mean 6.3/h apnea-hypopnea index (AHI), with a
�10/h AHI in about one fifth of cases (Alsaadi
et al. 2012). As expected, the mean central AHI
was substantially higher (5.9/h) than the mean
obstructive AHI (0.4/h).

The cognitive development in C-II children
follows that of OSB, being grossly normal in the
patients without severe hydrocephalus or signif-
icant comorbidities (brain malformations, sei-
zures, infection) (Mirzai et al. 1998; Soare and
Ramondi 1977). However, the analysis of adult
cohorts shows a certain cognitive impairment
(especially, attention deficits) in the majority of
patients, which can prevent an independent life
other than the psychical disability (Jenkinson
et al. 2011). The associated brain anomalies
seem to be more relevant than the shunt mal-
function or the hydrocephalus alone on the
final cognitive outcome. The severity of the
morphological findings (viz., degree of ventricu-
lomegaly, site and extension of the
myelomeningocele, and degree of hindbrain her-
niation) is found to correlate with the neurodeve-
lopmental outcome (Barf et al. 2003; Coniglio
et al. 1997) though this datum is not ever con-
firmed (Otera et al. 2014; van der Vossen et al.
2009). According to some authors, indeed, the
best predictor of neurodevelopmental outcome
(at least during infancy) is the fetal heart rate,
the time spent in the quite phase being signifi-
cantly higher among children with normal devel-
opmental quotient (DQ) than in those with
impaired DQ (28% vs 11%) (Otera et al. 2014).

The role of C-II on the cognitive outcome of
OSB has not been well established yet. However,
based on the comparison between 27 children
with OSB with C-II and 19 children with OSB
without C-II provided by Vinck et al., C-II was
associated to lower VIQ and TIQ in the complete
group (both retarded and not retarded children,
high significance) and to lower PIQ and TIQ
among non-retarded patients (lower signifi-
cance) (Vinck et al. 2006). Patients with C-II
showed impaired visual analysis and synthesis,
verbal memory, and verbal fluency as a specific
profile shared with hydrocephalus.

Mild psychiatric comorbidities, as anxiety
and mood disorders, and cannabis abuse are not
uncommon and may affect the functioning and
the quality of life (Bakim et al. 2013). On the
other hand, severe psychiatric complications, as
psychosis and major neurocognitive disorder, are
rare (Del Casale et al. 2012; Hoederath et al.
2014).

Radiological Diagnosis

Antenatal Diagnosis
The diagnosis of C-II is made prenatally in most
of the cases. On ultrasounds, indeed, C-II repre-
sents an important indirect sign for the diagnosis
of OSB. Ultrasounds clearly show the small size
of PCF together with the obliteration of the cis-
terna magna and the dysplastic/dysmorphic
appearance of the cerebellum with its abnormal
anterior curvature (the so-called banana sign)
(Fig. 1a) (Campbell et al. 1987). The ventricu-
lomegaly and the following frontal bossing
(responsible of the deformation of the skull also
known as “lemon sign”) (Fig. 1b) are other impor-
tant indirect signs associated to C-II in configur-
ing the intracranial picture of OSB (Penso et al.
1987). Differently from the ventriculomegaly and
the lemon sign, which may be absent (50% of
cases) or may be missed at diagnosis or may
appear late during the pregnancy (usually by
22–24 weeks), the effacement of the cisterna
magna and the banana sign are constant and reli-
able findings that can be appreciated by 16 weeks
of gestation or earlier (Sebire et al. 1997; Van den

250 L. Massimi et al.



Hof et al. 1990). Thanks to these signs the ante-
natal diagnosis of OSB and C-II is correctly done
in up to 90% of cases (the majority of them
before the 24th week of gestation) (Garne et al.
2005). In particular, four accessory features have
been found useful and reliable for the prenatal
sonographic diagnosis of C-II: (1) the pointed
shape of the occipital horn, which results visible
especially after the 24th week of gestation and in
fetuses without ventriculomegaly (Callen and
Filly 2008); (2) the shorter distance from the
posterior edge of the occipital horn to the occip-
ital bone as compared with healthy fetuses (Filly
et al. 2010); (3) beaking of the tectum, which is
seen either before and after the 24th week and the
frequency of which increases as the severity of
PCF findings increases (Callen et al. 2009); and
(4) interhemispheric cysts, which are unrelated
to the other C-II features and are more frequent
than in fetuses with other malformations (Wong
et al. 2009).

Ultrasounds also show the direct signs of
OSB, as the spinal dysraphism and the myelo-
meningocele, but it is worth emphasizing that
they may be missed (because of the position of
the fetus and the difficult recognition of the spinal
defect) so that the diagnosis of OSB is mainly

obtained through the analysis of the indirect
signs as C-II (Ghi et al. 2006).

The elevated accuracy of ultrasounds limits
the use of prenatal MRI for the diagnosis of both
C-II and OSB. MRI findings, however, are
useful for doubtful or difficult cases (e.g., unfavor-
able position of the fetus, maternal obesity,
oligohydramnios), for the differential diagnosis
with other dysraphisms (e.g., closed spina bifida),
and for the preoperative planning in case of ante-
natal surgery. For these reasons and thanks to the
high-resolution anatomical details provided, fetal
MRI is more and more utilized as complimentary
tool to the ultrasounds diagnosis (Righini et al.
2011; Simon 2004; Von Koch et al. 2005b).
Abele et al. recently reported on the inter-observer
review (senior resident radiologist and senior radi-
ologist) of 37 C-II fetal MRI that they carried out to
compare bSSFP (balanced steady-state free preces-
sion) and half-Fourier RARE (rapid acceleration
with relaxation enhancement) MRI (Abele et al.
2013). Both types of MRI were judged equivalent
in showing the foramen magnum characteristics,
the entity of the tonsillar ectopia, and the extent of
the open dysraphism, while the tonsils appeared
more conspicuous on RARE and the intervertebral
disks more conspicuous on bSSFP.

Fig. 1 In utero ultrasounds showing the “banana sign” (a) with the typical curve of the cerebellum (arrow). Note also the
characteristic shape of the skull known as “lemon sign” (b)
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In utero MRI clearly shows the characteristics
of the spina bifida, and though the vertebral
level and extent of the malformation are demon-
strated as well by ultrasounds, it offers a higher
resolution of the imaging of the malformation
itself, favoring the differential diagnosis
between myelomeningocele and, for example,
myelocystocele or lipomyelomeningocele
(Aaronson et al. 2003; Bruner et al. 2004). Simi-
larly, fetal MRI provides the same accuracy than
ultrasounds on the diagnosis but a clearer defini-
tion of C-II and some of its related anomalies
(e.g., subcortical heterotopia, commissural agen-
esis), thus giving more details for the prognosis
(Mangels et al. 2000). The use of DWI (diffusion-
weighted imaging) allowed Mignone Philpott
et al. to detect a significant increase of ADC
(apparent diffusion coefficient) values in the cer-
ebellum of C-II fetuses compared with healthy
fetuses, in spite of the expected decline of ADC
during pregnancy and the expected lower values
of the cerebellum compared with the brain (simi-
lar values were found in the pons) (Mignone
Philpott et al. 2013). The authors attributed these
increased values to the augmented extracellular
water resulting from the impaired CSF dynamics
in PCF of the affected fetuses. Similarly, the use of
DTI (diffusion tensor imaging) in fetal MRI
allows to differentiate between changes in C-II
(midbrain increased fractional anisotropy
(FA) and isolated hydrocephalus or ventricu-
lomegaly (normal FA) (Woitek et al. 2016).

A further, important distinction favored by
MRI is between hydrocephalus and dysgenetic
ventriculomegaly. The main limitations of prena-
tal MRI are represented by the movements (fetus,
maternal breathing), which can be limited by
ultrafast T2 sequences, and the small size of the
fetal brain that prevents a reliable analysis before
18–20 weeks of gestation.

Postnatal Diagnosis
Cranio-spinal MRI is the gold standard examina-
tion to provide the diagnosis of C-II and its asso-
ciated malformations thanks to the high-
resolution multiplanar display and the high sensi-
tivity to tissue changes. Standard MRI can show
the characteristics of the hindbrain herniation as

well as all the associated intracranial and spinal
cord abnormalities reported in Table 1. T1 and T2
sequences on the sagittal plane are optimal to
show the small posterior fossa; the caudal dislo-
cation of brainstem; IV ventricle and cerebellum,
with large foramen magnum and cervical spinal
canal; the short and scalloped clivus; the hypo-
plastic and down-attached tentorium; the elonga-
tion of the vein of Galen that joins a shortened
straight sinus; and the low transverse sinuses lying
close to the enlarged foramen magnum (Figs. 2, 3,
and 4). High-definition 3D T2 acquisition and
venography emphasize the details as well as the
venous anatomy. These details can be summarized
as follows (Raybaud and Miller 2008):

1. Severe hindbrain herniation with the cerebel-
lum compressing and indenting the medulla
that, in turn, is dislocated behind the upper
spinal cord. The spinal cord remains tethered
by C1 dentate ligaments, resulting in the
kinking of the brainstem within the spinal
canal. Therefore, the upper spinal canal con-
tains, from anterior to posterior, the spinal
cord, the medulla, the IV ventricle, and the
cerebellum. The ectopic cerebellar vermis is
poorly differentiated from the remaining her-
niating cerebellum, even though some authors
found it well evident along the midline and
enlarged because of a squeezing effect (Salman
et al. 2006).

2. Rarely (2% of cases), the hindbrain herniation
is mild to moderate with all the structures
accommodated within the small posterior
fossa or, at most, with caudal dislocation of a
small portion of cerebellum and with a recog-
nizable cisterna magna.

3. Upward herniation of the cerebellum located
behind pons and medulla and the pericerebellar
cistern through the tentorial incisura. The her-
niated cerebellum, also called cerebellar tow-
ering or pseudotumor of the tentorium, is
shaped by the incisura and is able to displace
superiorly and laterally the temporo-occipital
lobes (Fig. 3b). Moreover, the exuberant cere-
bellum goes around the brainstem occupying
the peripontine and perimedullary cistern
(triple-peaked appearance) (Fig. 2c). In severe
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Fig. 3 MRI of a 1-year-old boy with small PCF and low
attachment of the tentorium and relatively poor hindbrain
herniation below the foramen magnum (a). Some cystic

loculations are visible on the midline. Note the invasion of
both the middle cranial fossae by the upper portions of the
cerebellum (b)

Fig. 2 Showing the MRI of a 5-year-old girl. (a): typical
appearance of C-II with herniation of the cerebellum up to
C3, dislocation of the lower part of the IV ventricle and the
medulla below the enlarged foramen magnum, low

attachment of the tentorium, beaking of the midbrain,
large massa intermedia, hypoplasia of the corpus callosum,
and stenogyria. Note the wrapping of the pons (b) and the
medulla (c) by the cerebellum
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cases, the cerebellum can encase the basilar
artery and cover the cranial nerves (that emerge
from the cerebellar folia).

4. Overall, the cerebellum is normal sized or
reduced in size because of the atrophy induced
by the chronic compression due to the small
PCF (Juranek et al. 2010). The “vanishing”
cerebellum, on the other hand, is revealed by
cerebellar edema at birth and atrophic involu-
tion with an abnormal PCF and PCF content
(differently from the primary agenesis of the
cerebellum where the PCF size, the brain, and
the spine are normal) (Sener andDzelzite 2003).

5. Narrowing, elongation, and flattening of the
pons, which is located across the foramen mag-
num with subsequent, possible effacement of
the ponto-medullary sulcus.

6. Flattening and inferior stretching of the IV
ventricle, sometimes with the tela choroidea
bulging inferiorly below the cerebellum and
forming a cyst (as result of the failed opening
of the roof of the IV ventricle). This cyst can be
delimitated by the choroid plexus (best visual-
ized after contrast medium administration).

7. The cranial nerves show a course longer than
normal because of the distance between the

caudally displaced brainstem (and nuclei) and
the normally positioned exit foramina.

8. In spite of the possible clinical evolution and in
spite of the possible radiological worsening
resulting from hydrocephalus and/or syringo-
myelia and some anecdotic cases of “real”
radiological worsening, the radiological pic-
ture of C-II generally remains stable, included
the cerebellar atrophy (Salman 2011). A reduc-
tion of the hindbrain herniation (without
changes of PCF volume), on the other hand,
can be appreciated after the treatment of the
hydrocephalus in infants with cerebellar
ectopia lower than C1 (Hashiguchi et al. 2016).

Thanks to the rich and detailed radiological
picture that nowadays can be obtained, C-II can
be differentiated from other Chiari malformations
easily. A synopsis of the differential diagnosis
with C-I and C-III is reported on Table 2. At the
same time, however, the interpretation of such a
constellation of radiological signs may not be
straightforward. According to the inter-observer
blind and independent review (by one junior neu-
rologist, one senior neurologist, and one senior
radiologist) of 76 MRI reported by Geerdink

Fig. 4 (a, b): MRI of a 2-month-old boy showing severe
hindbrain herniation (up to C6) as result of very small PCF
(the tentorium is attached close to the foramen magnum)

and large hydrocephalus. The IV ventricle is hardly recog-
nizable. A dorsal syringomyelia is evident
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et al., 23 morphological findings were judged as
unreliable, while a general agreement was
obtained only about 9 findings, 8 in the sagittal
MRI plan (downward herniation of the cerebel-
lum, downward herniation of the tonsils, down-
ward displacement of the medulla, downward
displacement of the fourth ventricle, medullary
kinking, abnormal width of the fourth ventricle,
hypoplastic tentorium, beaked tectum) and 1 in
the axial plan (small fourth ventricle) (Geerdink
et al. 2012). Therefore, taking into account the
biases related to their statistical analysis, the
authors proposed to base the diagnosis of C-II
mainly on these nine features.

Morphometric and volumetric MRI analysis of
PCF should be obtained for a correct diagnosis and
surgical planning, although this aspect is less rele-
vant than in C-I (Massimi et al. 2011b; Sgouros
et al. 2006; Trigylidas et al. 2008). Phase-contrast
cine MRI provides information on the CSF flow
patterns during the cardiac cycle revealing dorsal
and/or ventral obstruction/reduction/inversion of
the CSF flow at the foramen magnum. It can be
integrated by 3D reconstruction of the subarach-
noid spaces (Roldan et al. 2009). Also this type of
MRI plays a role in C-I rather than C-II.

CT scan (with 3D reconstructions) is required
to deepen the diagnosis of C-II associated bony

abnormalities or to obtain a quick diagnosis when,
for example, a shunt malfunction/decompensated
hydrocephalus is suspected. Head CT scan (and
X-rays) reveals the typical dysplastic lacunae
involving the inner and outer layers of the skull
(the so-called Lückenschädel or “beaten copper”),
which are present at birth in about 85%of cases and
disappear later (Naidich et al. 1980). They are not a
sign of raised intracranial pressure (andmust not be
confused with fingerprintings) but the expression
of an intrinsic mesenchymal defect. On the con-
trary, during late childhood and adolescence, CT
scanmay reveal a significant thickening of the skull
as result of early shunting in hydrocephalic
patients. Further cranial anomalies well detected
by CT scan are the following (Raybaud and Miller
2008): enlarged foramen magnum and upper cer-
vical canal, short and scalloped clivus, the absence
of basilar impression or invagination, scalloping of
the petrous pyramids, shortening of the auditory
canals, flattened and convex upward occipital
squama, and incomplete neural arch of C1 (70%
of cases) with intact C2. The inion is low as well as
the attachment of the tentorium and themarkings of
the venous sinuses (important information for the
surgical planning).

Plain X-rays are used to rule out instability of
the cranio-cervical junction and to monitor the

Table 2 Differential diagnosis among C-I, C-II, and C-III

Chiari type I Chiari type II Chiari type III

PCF Normal (or small) PCF
Normal clivus
Possible basilar
impression/invagination
Elevated tentorial slope
(normal tentorium)

Small PCF
Short and concave clivus
Enlarged foramen magnum
No basilar impression/
invagination
Low attachment of the tentorium
(hypoplastic)

Small PF
Scalloping of the clivus
Enlarged foramen magnum

Hindbrain
herniation

Cerebellar tonsils from
5 mm up to C2 (rarely
more)
Moderate brainstem/IV
ventricle herniation in
Chiari 1.5

Cerebellum + brainstem + IV
ventricle up to C3-C5 or, often,
more

Cerebellum + brainstem + IV
ventricle up to C3-C5 or,
often, more + possible
herniation of occipital lobes
and dural sinuses

Associated
characterizing
anomalies

Peg-like aspect of tonsils
Obliteration of the cisterna
magna
Syringomyelia

Myelomeningocele
Hydrocephalus
Syringomyelia
Wrapping of the brainstem by
the cerebellum
Brainstem/midbrain/
interhemispheric and cortical
malformations

Occipital or cervical bone
defect
Occipito/cervical
encephalocele/
myelomeningocele
Syringomyelia
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progression of the scoliosis or other associated
orthopedic spinal (kyphosis, hyperlordosis) and
non-spinal deformities (hip subluxation or dislo-
cation, coxa valga, knee deformities, ankle and
foot abnormalities). The latter is the most frequent
and important application of X-rays, since they
provide quick and useful information, limiting the
use of CT scan. In particular, the monitoring of
spinal deformities is crucial because they can be
developmental or acquired during the late child-
hood and adolescence other than congenital or
acquired early (Guille et al. 2006).

Ultrasounds maintain a role in neonates and
infants with open bony acoustic windows. They
are very useful for monitoring the ventricu-
lomegaly and for detecting an incipient hydro-
cephalus (which, as mentioned, can worsen the
associated C-II). C-II can be visualized through a
favorable acoustic window (posterior or temporal
fontanel rather than anterior fontanel), even
though ultrasounds are not the best options to
evaluate its extension or its possible evolution.
The small PCF and the effaced IV ventricle
(often not visualized because compressed and
herniated) are quite clearly depicted as well as
the corpus callosum and/or septum pellucidum
agenesis/dysgenesis, the large massa intermedia,
and the prominent interhemispheric fissure.

Other Diagnostic Tools

Polysomnography is complementary to neuroim-
aging for completing the diagnostic work-up in
C-II. It allows to detect the presence and severity
of sleep apnea and to differentiate between central
and obstructive (peripheral) apnea syndrome. It
also permits to identify possible epileptic seizures.
Sleep apnea was present in 81% of the 52 patients
analyzed by Patel et al., with a mild apnea in 50%,
moderate in 19%, and severe in 12% (Patel et al.
2015). Several specific studies demonstrated that
(Alsaadi et al. 2012; Filho and Pratesi 2009; Patel
et al. 2015; Waters et al. 1998):

1. Sleep-disordered breathing is highly prevalent
in children with OSB/C-II, although it might be
underreported.

2. Both central and peripheral/obstructive apnea
can occur. Central apnea is more specific, and
usually, they are more frequent than obstruc-
tive one (though not in all series).

3. The severity of apnea syndrome is increased by
the presence of brainstem and pulmonary
malformations, the level of the spinal defect
(thoracic or thoracolumbar), and a previous
PCF decompression (indicating a symptomatic
C-II).

4. PCF decompression does not seem to signifi-
cantly improve the frequency of apnea (both
central and obstructive) and the hypopnea/
apnea index.

5. There is a clear correlation between apnea syn-
drome and attention deficits, with subsequent
poor quality of learning and cognitive deficits.

6. Nocturnal pulse oximetry and possible oxygen
supplementation are mandatory for a correct
management. Adenotonsillectomy may be
required to improve obstructive apnea.

Brainstem auditory evoked potentials (BAEPs)
are the most sensitive neurophysiologic test to
find out brainstem dysfunction. They can be suc-
cessfully coupled with the study of brainstem
reflexes (blink reflex, masseter reflex) (Massimi
et al. 2011a). According to specific studies on C-II
(Fujii et al. 1997; Nishimura and Mori 1996;
Nishimura et al. 1991; Worley et al. 1994):

1. The sensitivity of BAEPs is very high, more
than 90% of children with brainstem dysfunc-
tion showing altered BAEPs even before the
appearance of clinical signs. Abnormal BAEPs
are found in up to 40% of patients without
clinical signs.

2. The brainstem dysfunction improves over the
time, as result of neural maturation, as indi-
cated by a progressive shortening of wave
latency and I–III and III–IV inter-peak latency.

3. The persistence and/or worsening of the
BAEPs abnormalities may be helpful for the
surgical indication.

4. The blink reflex can complete the neurophysi-
ological diagnosis of brainstem dysfunction by
disclosing subclinical lesions not detected by
BAEPs.
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Special Considerations on Two
Frequent Associated Diseases

Hydrocephalus and syringomyelia associated to
C-II deserve a special mention because of some
peculiarities in their clinic-radiological picture
and management.

Hydrocephalus
Hydrocephalus occurs in about 80–90% of
patients with OSB and C-II, without a clear cor-
relation with the level and entity of the
myelomeningocele and C-II (Januschek et al.
2016; Mirzai et al. 1998; Perez da Rosa et al.
2015). Typically, hydrocephalus is present only
in a minority of cases at birth (15–25%), since it
tends to develop after the closure of the
myelomeningocele, usually during the first
weeks of life (Chakraborty et al. 2008; Dias
1999; Drake 2008; Tude Melo et al. 2015). A
second typical feature of C-II-related hydroceph-
alus is the clinical manifestation. An active hydro-
cephalus, indeed, may cause signs and symptoms
of brainstem dysfunction (see above) before that
the typical picture of raised ICP appears (macro-
crania, bulging fontanel, sunset-rise eyes, bulging
of the scalp vein, vomiting). This must be taken in
consideration to avoid a missing diagnosis and
severe complications (like respiratory arrest).

Also the radiological appearance of hydro-
cephalus is peculiar. Besides the aforementioned
characteristics of the lateral and third ventricles
and aqueduct, MRI or CT scan shows a large
ventriculomegaly with raised ICP signs (bulging
profile of the ventricles, CSF transependymal
readsorption) only in one fifth/one fourth of the
cases (Fig. 4), while often it is about a progressing
but moderate ventriculomegaly (Van Roost et al.
1995). On the other hand, the colpocephaly
should not be misinterpreted as an active
hydrocephalus.

Active hydrocephalus is managed as soon as
possible with shunt placement. It usually happens
at birth or within the first weeks/months of life. As
known, endoscopic third ventriculostomy is not
effective in newborns/infants with OSB, but it can
be successfully used in older children in case of
shunt malfunction (O'Brien et al. 2005; Spennato

et al. 2013). Mild to moderate ventriculomegaly
can be followed up and treated in case of progres-
sion. The last peculiarity of hydrocephalus in C-II
is the deterioration of the scoliosis as a possible
sign of progression of an untreated ventricu-
lomegaly: in this instance, the shunt insertion
improves the scoliosis (Geiger et al. 1999; Hall
et al. 1979). Indeed, it has been postulated that the
hydrocephalus, by worsening the hindbrain herni-
ation, increases the compression on the
descending pathways at the cranio-cervical junc-
tion producing the muscular weakness necessary
for the scoliosis to progress in a spine already
compromised by the OSB.

Syringomyelia
Syringomyelia in C-II presents some differences
with the most common form of syringomyelia,
which is associated with C-I. The first difference,
indeed, is just the frequency because C-I is the
most common cause of syringomyelia while C-II
accounts only for about 5% of all cases (Williams
1990). Of course, this difference results from the
lower incidence of C-II compared with C-I.

The second difference concerns the pathogen-
esis, partially shared with C-I-related syringomy-
elia. The first observations on syringomyelia
(which are used to explain C-I-related syringo-
myelia) were based on patients with C-II and
spinal bifida. In his second publication on these
malformations, indeed, Chiari advocates the
duration of hydrocephalus and its communica-
tion with a patent central ependymal canal as
possible cause of C-II and syringomyelia (Chiari
1896). Also the famous Gardner’s hydrodynamic
theory resulted from observations on C-II
patients (Gardner 1965): it postulates an occlu-
sion of the IV ventricle foramina and the absence
of communication between the spinal canal and
the IV ventricle (currently, it is ascertained that
the foramina and, sometimes, even the obex are
patent in C-I patients and that a communication
between IV ventricle and ependymal canal can
be radiologically demonstrated in C-II patients)
so that the choroid plexus pulsations redirect the
CSF into the spinal canal causing syringomyelia.
Similarly, the development of this theory by Wil-
liams (1975, 1990) and Oldfield et al. (1994),
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which postulates the hindbrain herniation and the
collection of CSF inside the ependymal canal as
result of a missed equilibrium between the endo-
ventricular and the endospinal pressure during
the Valsalva maneuver (this hypothesis is not
valid for C-II which is present already during
the fetal life and does not explain the small PCF
and the upward ectopia of the cerebellum), was
formulated considering patients with C-II and
aqueduct stenosis.

Some pathological, clinical, and radiological
differences between C-I and C-II support such a
difference in the pathogenesis of their related
syringomyelia:

1. C-II is a more severe form of hindbrain herni-
ation where the large amount of herniating
tissue and the dense arachnoid adhesions do
not permit evident pulsations and movement of
these structures. In C-I, instead, the prolapsed
cerebellar tonsils can follow the pulsation of
the cardiac cycle, giving reason of the hypoth-
eses based on their “piston” action on plugging
the foramen magnum.

2. Most of the patients with C-I and syringomye-
lia are symptomatic, while most of those with
C-II and syringomyelia are not. As mentioned,
C-II patients usually do not develop symptoms
directly by the malformation but by
decompensated hydrocephalus (which can
decompensate also the syringomyelia).

3. Syringomyelia develops progressively both in
C-I and C-II. However, in many cases of C-I,
the syringomyelia is already present at diagno-
sis, differently from C-II cases where it is
rarely seen at birth and where it usually
develops during the early-to-late childhood
(La Marca et al. 1997; Milhorat et al. 1993).
Of course, such a discrepancy may depend on
the early diagnosis of C-II, which is known
already during the prenatal period.

4. The trend of C-II and its related syringomyelia
strongly depends on the behavior of the asso-
ciated hydrocephalus, which is present in 80–
90% of cases. In C-I patients, hydrocephalus is
present only in 7–10% of cases, and its

relationship with the malformation and its
related syringomyelia is still a matter of debate
(Massimi et al. 2011b).

5. Syringomyelia in C-II patients may be wors-
ened (or originated) also by the
myelomeningocele (viz., recurrent tethered
cord) (Caldarelli et al. 2013).

6. There is not a clear relationship between entity
of the C-II hindbrain prolapse and occurrence
or severity of syringomyelia, while a certain
correlation between entity/crowding of C-I and
frequency/severity of syringomyelia exists
(Taylor et al. 2017).

7. On MRI, differently from C-I, where syringo-
myelia is mainly cervical and seldom
loculated, C-II-related syringomyelia is usu-
ally thoracic (frequently holocord, with
syringobulbia) and not rarely multiloculated
(Fig. 5). In C-II, the central ependymal canal
is typically showed to communicate with the
cerebral ventricles through the obex, thus jus-
tifying the aforementioned dependence of C-II
and syringomyelia from the hydrocephalus
(Raybaud and Miller 2008). The patency of
the ependymal canal would result from the
leakage of the ventricular CSF during the
embryonal and fetal life. Chronic, long-lasting
syringomyelia may produce a significant thin-
ning of the spinal cord with enlargement of the
spinal canal and thinning of the vertebral bod-
ies and the neural arches.

Syringomyelia in C-II patients is often detected
incidentally during the radiological follow-up. In
the clinical practice, since this condition is well
tolerated by the patients, no surgical treatment is
proposed even in case of large syrinx with signif-
icant thinning of the spinal cord (Sgouros 2008).
These patients are actually followed up and
treated only if symptomatic because only a small
proportion of themwill require surgery (Caldarelli
et al. 1998). However, once again, in OSB
patients, it can be very hard to distinguish
among signs/symptoms of hydrocephalus, C-II
syringomyelia, and tethered cord. Based on the
personal experience, which is in large part shared
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with the literature (Dias 2005; Piatt 2004; Tubbs
and Oakes 2004), the following management pro-
tocol is adopted:

1. First of all, if present, an active hydrocephalus/
shunt malfunction is treated.

2. Once hydrocephalus/shunt malfunction is
ruled out, a differentiation between C-II and
tethered cord is necessary. Urologic signs and
urodynamic tests may be helpful in pointing
out an active tethered cord, so that a surgical
detethering is performed.

3. When also a tethered cord has been excluded, a
PCF decompression is realized for the indirect
treatment of the syringomyelia.

4. A direct surgical approach to the syringomye-
lia (syringo-subarachnoid shunt) is performed
only if all the previous options failed. Indeed,
syringo-arachnoid or syringo-pleural shunts do
not provide good and long-lasting results in
many cases, though better results in OSB
patients are reported (Vernet et al. 1996).

Management

C-II in asymptomatic patients is managed by a
long-term follow-up. In newborns and small
infants, close clinical evaluations and cerebral
ultrasounds are planned during the first year of

Fig. 5 7-year-old girl with C-II and syringomyelia. Note
the upward displacement of the cerebellum (a), the com-
munication between the IV ventricle and the syringomyelia

(b), and the large, holocord syringomyelia (c, d, e). Scoli-
osis is evident (d) as well as the enlarged, neurological
bladder (c)
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life to check for the absence of specific symptoms
and for the monitoring of the hydrocephalus.
Serial controls are then carried out after the first
year of life with clinical (at least once per year or
more, according to the patient’s characteristics)
and neuroradiological examinations. At our insti-
tution, based on a protocol for OSB patients, we
perform a first brain and spinal cord MRI at birth,
then during the second year of life, and then, if the
clinical picture is stable, each 3–4 years up to the
end of the psychophysical development. Poly-
somnography also is performed each 3–4 years
in clinically stable patients.

When dealing with a symptomatic newborn or
infant, the neonatal or the pediatric intensive care
unit should be alerted in case of acute onset. Since
the clinical picture may quickly deteriorate, an
urgent CT or MRI has to be performed to rule
out hydrocephalus and/or cervical syringomye-
lia/syringobulbia. Although more rarely, an acute
deterioration may occur also in older children and
adolescents where the management protocol is the
same. More frequently, however, this subset of
patients shows a progressive deterioration with a
variable combination of symptoms like occipito-
cervical pain, sleep apnea syndrome, limb weak-
ness, ataxia, and paresthesia. In this instance, the
pre-treatment work-up should include physical
and neuroradiological examinations and poly-
somnography. It is worth stressing once more
that, in these patients, the C-II symptoms often
result from raised ICP due to shunt malfunction
(but without the classic symptoms of shunt mal-
function) and disappear after the shunt revision.
We published elsewhere the case of a 6-year-old
boy presenting C-II deterioration with severe
OSAS (confirmed by polysomnography) (Luigetti
et al. 2010). Brain MRI showed a stable picture
within the PCF and the spinal canal but the
enlargement of one of the several cystic compo-
nents of the patient’s multiloculated hydrocepha-
lus. Both the clinical picture and the
polysomnography were normalized after the
endoscopic cyst fenestration/shunt revision.

Once hydrocephalus or other causes of raised
ICP have been excluded, the preoperative work-
up is completed by angio-MRI for the correct
planning of the PCF decompression. This exam

is needed to check for the position of the torcula
and to look for possible accessory and/or anoma-
lous dural sinuses. In some instances, a CTscan of
the occipito-cervical junction is required to rule
out bony anomalies and/or instability of the junc-
tion. Neurophysiological exams are used to com-
plete the preoperative work-up, especially in case
of syringomyelia. Indeed, ABRs, MEPs, and
SSEPs may be helpful in assessing the neurolog-
ical deterioration in doubtful cases, that is, when a
mismatch between clinical and radiological wors-
ening exists.

Indications for Surgery
Patients with new-onset hydrocephalus or with
shunt malfunction are managed according to the
routinary surgical procedures required in such
instances. It is worth reminding that a CSF shunt
malfunction can be hard to be excluded especially
in old children and adolescents with OSD because
the signs/symptoms of raised ICP may be missing
and may be replaced by misleading ones (Bianchi
et al. 2016). Therefore, the shunt patency/func-
tioning must be ascertained by careful neuroim-
aging analysis and, in doubtful cases, by shunt
tapping or even surgical exploration. Among the
50 pediatric patients (mean age, 7.1 years) oper-
ated on for deteriorating C-II by Messing-Jünger
and Röhrig, 38 cases needed shunt revision
(76%), 13 surgery for scoliosis/kyphosis (26%),
17 myelolysis for tethered cord (34%), and “only”
14 a PCF decompression (28%) (Messing-Jünger
and Röhrig 2013).

PCF decompression is performed in clearly
symptomatic patients without other causes of
C-II deterioration or in case of progressing syrin-
gomyelia. In the neonatal and early infancy
period, the cranio-vertebral decompression
should be carried out as soon as the hydrocephalus
has been ruled out because an early decompres-
sion seems to ensure a better outcome (Pollack
et al. 1996; Vandertop et al. 1992). Nevertheless,
the matter about this indication is quite controver-
sial (Sgouros 2008). Indeed, it has been observed
that children undergoing a very early decompres-
sion (within the second month of life) do not show
a clinical recovery and usually need tracheostomy
and gastrostomy to be managed. This is because
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the symptoms of this subset of children would
result from an intrinsic brainstem dysfunction
more than a brainstem compression. Therefore, it
could be speculated that, in this instance, the
cranio-vertebral decompression could be even
avoided. On the other hand, children undergoing
surgery later (after the second month of life) show
a significantly better outcome (especially if they
do not have experienced a vocal cord paralysis
yet) because their clinical picture is more likely to
result from a brainstem compression.

Surgical Decompression
C-II requires both PCF and cervical spinal cord
decompression. PCF decompression usually
involves the occipital squama more than the fora-
menmagnum, which is often enlarged by the early
cerebellar/brainstem herniation. However, since
the foramen magnum is already enlarged, the
occipital squama is very small (the transverse
sinuses are at almost level of the foramen mag-
num), and the cerebellum is located in part in the
cervical canal and in part in the middle fossa; the
decompression of PCF is usually very limited, and
the real surgical decompression involves the
upper cervical canal (Mc Lone 2011). Cervical
laminectomy is carried out up to C3 or more,
according to the cerebellar prolapse. Duraplasty
is performed to improve the decompression,
whereas, generally, the coagulation/removal of
the cerebellar tonsils is not attempted because of
their very dysmorphic appearance that increases
the risk to damage the ectopic IV ventricle or the
spinal cord.

Because of the peculiar anatomy of the PCF in
OSB patients, some key points must be carefully
considered for a correct cranio-vertebral
decompression:

1. Bone lacunae on the occipital squama. Care
should be taken during the muscle dissection
not to enter the dura (especially in infants,
where the bone is thin).

2. Lower position of the torcula and accessory
dural sinuses. The dural incision should be
accurately planned based on the preoperative
neuroimaging because the injury of the venous
sinuses can be a life-threatening complication

(in particular, in neonates and infants). The
anular sinus, located at the rim of the foramen
magnum, is almost invariably encountered,
and facing it may be the most dangerous part
of the operation.

3. Subverted “subarachnoid” anatomy, with the
cerebellum, IV ventricle, and medulla within
the upper cervical canal. Particular care should
be paid during the opening of the dura to avoid
injury of these underlying neural structures
because they are significantly compressed and
the subarachnoid spaces virtually absent
(so that an evident herniation of the content
of the spinal canal above the dural plane occurs
after the dural decompression). Moreover,
every attempt of manipulation of the parenchy-
mal structures should be avoided unless they
are clearly recognized. Indeed, although the
parenchymal dissection might be useful to
obtain a better decompression through the
removal of the malformed herniating cerebellar
tissue, this procedure is significantly compli-
cated by the dense arachnoid adhesions and the
hypervascularity of the parenchymal surface
(Fig. 6). Differently from the intradural manip-
ulation in C-I, however, the tonsils coagulation
and the opening of the IV ventricle are not
mandatory in C-II. Should a parenchymal
decompression be necessary (e.g., in case of
very large syringomyelia), a gentle subpial
coagulation of the inferior vermis (only if rec-
ognizable) can be performed by keeping the IV
ventricle opened in the subarachnoid spaces
(Fig. 7).

4. Lack of dural tissue for the closure (because of
the parenchymal herniation). A capacious
duraplasty is needed for an optimal decompres-
sion. It necessarily relies on the use of pericra-
nium or dural substitutes, unless the dura is left
opened (so-called pseudomeningocele tech-
nique). Some authors performed only a bony
decompression of PCF and upper spinal canal
(at most with external dural delamination) to
avoid the complications of the dural opening
with success (Akbari et al. 2013; Ogiwara and
Morota 2013). Their preliminary results were
encouraging (especially in young infants) and
even better than those of children undergoing
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duraplasty (although the latter aspect may
reflect a patients’ selection bias).

5. Malformations of the cervical spine. The man-
agement of these malformations is treated in
the specific chapters. They are mentioned here
since they represent a further, important reason
for an accurate preoperative planning.

Results and Prognosis

In the natural history of C-II, the neurological
deterioration is expected in 9–18% of cases
(Caldarelli et al. 1995; Hoffman et al. 1975). In
the personal experience with about 800 OSB cases
in the last 30 years, the rate of deterioration requir-
ing surgerywas 8%. Similarly, Talamonti and Zella
reported on 228 subjects with C-II, 74 of which
became symptomatic (31.5%) requiring surgical

decompression in 26 cases (11.4%) (Talamonti
and Zella 2011). In 12 out of those 26 patients,
the first treatment concerned the hydrocephalus.

The results of the surgical decompression
mainly depend on the preoperative status. A com-
plete clinical resolution (or a substantial improve-
ment) is expected in patients whose C-II signs/
symptoms are caused by raised ICP or even in
infants presenting with late stridor alone (Pollack
et al. 1996). Similarly, a good outcome is found in
patients operated on for scoliosis and/or syringo-
myelia resulting from C-II (once again, mainly
late deterioration) (Messing-Jünger and Röhrig
2013). In the other instances, a stabilization or
mild improvement of the clinical picture is more
frequently obtained than a complete recovery, and
a risk of mortality is recorded (Caldarelli and Di
Rocco 2010; Pollack et al. 1992; Vandertop et al.
1992). Infants with early stridor and apneic spells
show a functional recovery and a survival in 50%
and 75% of cases, respectively. In more compli-
cated pictures (stridor, apneic and cyanotic spells,
dysphagia), the chance of survival drops to 40%
with minimal functional recovery. Such a dismal
prognosis results from the irreversible brainstem

Fig. 7 Intraoperative view of C-II showing the severe
hindbrain herniation, before (a) and after the arachnoid
dissection (b). The inferior vermis has been removed to
open the IV ventricle (b)

Fig. 6 Typical intraoperative appearance of C-II after
opening of the foramen magnum and upper spinal canal.
The neural tissues are overcrowded and congested (note
the rich vascularization). They are also poorly recognizable
and not dissectable because of the thick adherences
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dysfunction and from the anatomical disarrange-
ment of the PCF structures that do not benefit
from any surgical procedure. The older experi-
ence by the Hospital for Sick Children of Toronto
(1971–1981) on 85 cases with neurological dete-
rioration showed newborns affected (45 cases,
53%) much more than infants (20%), toddlers/
children (13%), and adolescents (14%) (Hoffman
et al. 1975; Hoffman et al. 1983). Ten patients
needed a tracheostomy (12%), which was realized
after the surgical decompression in 8 out of
10 cases. The C-II-related mortality was as high
as 33% (28/85 cases), occurring almost exclu-
sively within the first year of life (26/28 cases).
All the surviving patients experienced a complete
recovery.

An updated experience by the same group car-
ried out a decade later (1981–1991) on 17 children
treated early (1 to 121 days from the clinical
onset) showed the same outcome but with a sig-
nificantly lower mortality rate (overall 12%; only
6% for sequelae from C-II) (Vandertop et al.
1992). The authors attributed this improvement
to the early decompression and concluded that
C-II deterioration results from the compressive
injury rather than on the brainstem intrinsic dys-
function (which is advocated in children with
symptoms at birth). This statement reflects the
absence of a conclusive knowledge on this topic
and the lack of guidelines on the management of
C-II (Messing-Jünger and Röhrig 2013). The sur-
gical decompression of PCF, indeed, seems to be
able to normalize the CSF spaces within the PCF
and, if performed very early, to reduce the occur-
rence of symptoms even though it does not pre-
vent the cerebellar atrophy (Salman 2011).
Nevertheless, the resulting discrepancy between
decompressed PCF and persistent cerebellar atro-
phy should be emphasized (Vinchon 2011). Sim-
ilarly, the spinal cord detethering seems to be able
to improve C-II symptoms, but it cannot induce a
complete clinical resolution, and as expected, it
does not induce significant changes of the radio-
logical picture; therefore, it can be proposed only
for poorly symptomatic children (Mehta et al.
2011).

Symptomatic C-II accounts for the mortality
among OSB patients together with renal failure

due to neurogenic bladder dysfunction and shunt
malfunction. The mortality rate, which was up to
47% according to old statistics (Center for Disease
Control and Prevention 1995), is now less than
25% at long-term follow-up (Bowman et al.
2001). C-II is responsible for the early mortality,
while the other two causes account for the late
(and more frequent) mortality. The mortality rate
among early symptomatic C-II patients is 15–35%
(McLone 1992; Oakeshott and Hunt 2003).

The prognosis of C-II has improved since the
introduction of prenatal surgery for OSB. Fetal
surgery would produce this enhancement by stop-
ping the CSF leakage from the myelomeningocele
site, by protecting the exposed spinal cord and
roots from the action of the amniotic fluid (“dou-
ble-hit theory”), and, possibly, by reducing the
risk of vernix caseosa meningitis (Dionigi et al.
2015a; Stritzke et al. 2011). Early fetal surgery
(before 25–26 weeks) has been demonstrated to
substantially improve the hindbrain herniation
(Abd-El-Barr et al. 2014; Tulipan et al. 1999).
The effects of the in utero repair of the
myelomeningocele on C-II are so evident that
the incidence of this condition can drop from
95–98% up to 38% and a complete reversion of
the malformation can be often noticed after sur-
gery (Bruner et al. 1999; Sutton et al. 2003). These
results have been confirmed also experimentally.
For example, the prenatal myelomeningocele
repair was able to induce a reversion of the hind-
brain herniation in fetal sheep within 3 weeks
from surgery (Bouchard et al. 2003). Moreover,
the simple trans-amniotic injection of stem cells
(TRASCET) has proved to significantly reduce
the C-II in rats with OSB (Dionigi et al. 2015b).
Randomized trials, like the MOMS trial and the
post-MOMS trials, confirmed the improvement of
the hindbrain herniation following the prenatal
repair of OSB together with the reduced rate of
shunt insertion (Adzick et al. 2011; Tulipan et al.
2015). Yet the reduced occurrence of active
hydrocephalus has a positive prognostic value
for the natural history of C-II. It is worth
reminding that, however, prenatal surgery cannot
be considered as a complete treatment of OSB and
C-II, highly specialized and qualified centers are
needed to be realized, and the benefits should be
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balanced with the maternofetal risks (Adzick
2013; Meuli and Moehrlen 2014).

Chiari Type III Malformation

Definition and Epidemiology

C-III is defined by the combination of C-II find-
ings with an occipital or cervical meningoence-
phalocele. This severe condition is very rare,
accounting for less than 1% of Chiari
malformations (Caldarelli and Di Rocco 2010),
varying from 0.65% to 4.4% in large series
(Cama et al. 1995; Isik et al. 2009). The estimated
incidence of encephalocele is 1–2/5000 live births
(about 75–90% of them being occipital) (Furtado
et al. 2009; Kiymaz et al. 2010). According to the
extensive review by Ivashchuk et al., from the first
description by Chiari in 1891 to 2015, 57 subjects
have been reported in literature, almost exclu-
sively by case reports except for a couple of
small series with 8–9 cases (Ivashchuk et al.
2015). Among these patients, the encephalocele
was located in the low occipital/upper cervical
region in 40% of cases, in the low occipital posi-
tion in 30%, and in the upper cervical one in 14%
(in 16% of cases, this information was not
available).

Pathogenesis

The pathogenesis of C-III is still unclear. The
main attempts to explain it are based on the theo-
ries used for C-I, C-II, and OSB. Actually, the
following hypotheses have been propounded so
far:

1. C-III would result from a chronic escape of
CSF at level of the occipito-cervical neural
tube defect, inducing underdevelopment of
the cerebral ventricle and PCF (McLone and
Knepper 1989). The main limit of this theory,
which remains the most advocated one, is the
lack of an obvious CSF leakage in many cases.

2. The distention of the embryonic ventricular
system would be prevented by a primary
neuroectodermal defect leading to an abnormal
neurulation with following hypoplasia of PCF
and herniation of its content (Cakirer 2003).

3. PCF hypoplasia and bone defect would result
from an insufficient endochondral bone devel-
opment due to the poor induction by the neural
tube defect (Ramdurg et al. 2013) or to a pri-
mary mesodermal defect (Kiymaz et al. 2010).

4. The absence of C-III in animal models of sur-
gically induced myeloschisis (Sim et al. 1996)
suggests a predominant role of altered CSF
dynamics rather than failed neurulation-
induced or primary mesenchymal defect (Lee
et al. 2002; Smith et al. 2007).

Pathological Anatomy

C-III shares with C-II some of its main patholog-
ical characteristics (see also Table 2) (Cesmebasi
et al. 2015):

1. Bony anomalies: small PCF, enlarged foramen
magnum, scalloping of the clivus and the pos-
terior petrous bones, Lückenshädel, and
malformations of the upper spinal canal (like
missed fusion of the posterior C1 arch) (Atlas
2009). Specific features of C-III are the possible
hypoplasia of the parietal bones and the possible
posterior cervical agenesis (missing posterior
elements from C1 to C5) (Castillo et al. 1992).

2. Intracranial/intraspinal anomalies: caudal dis-
placement of the cerebellar tonsils, vermis, and
IV ventricle, enlarged or lacking cerebellum,
medullary kinking, tectal beaking, callosum
dysgenesis, colpocephaly, hydrocephalus
(up to 88% of cases), ectopic and/or aberrant
venous sinuses, aplasia of the posterior falx,
and syringomyelia (up to 70% of cases) (Atlas
2009; Cakirer 2003). The distinctive trait is
represented by the herniation of the cerebellum
through an occipital or upper cervical defect,
which realizes a PCF encephalocele. In the
most severe cases, the herniated tissue includes

264 L. Massimi et al.



the brainstem, the occipital lobes and even the
parietal ones, the dural venous sinuses, and the
subarachnoid spaces (Castillo et al. 1992).
Sometimes, the herniation is composed by an
occipital encephalocele plus meningocele
(Muzumdar et al. 2007).

The microscopic anatomy of the herniating
tissues reveals abnormal and nonfunctioning neu-
ral tissue with necrosis, reactive astrocytosis and
gray matter heterotopia, areas of gliosis, menin-
geal inflammation, portion of ventricles, and cho-
roid plexus (Castillo et al. 1992; Isik et al. 2009).

Diagnosis

The diagnosis (or, at least, the strong suspect) of
the disease is obtained during pregnancy by ultra-
sounds showing the evident malformation involv-
ing the posterior fossa (Aribal et al. 1996;
Caldarelli et al. 2002). The earliest prenatal diag-
nosis by ultrasounds was done at 18 weeks and by
MRI at 23 weeks (Ivashchuk et al. 2015). The
prenatal diagnosis is mandatory for a correct plan-
ning of the delivery (cesarean section) and the
postnatal management (Smith et al. 2007).

MRI (in utero and after the birth) demonstrates
all the complexity of the condition, in particular
the large encephalocele protruding through the
bony defect extending from the occipital squama
(lower aspect) to the upper spinal canal (posterior
arch of the first cervical vertebrae), the small
posterior fossa with hypoplastic cerebellum her-
niating into the malformation, the low attachment
of the tentorium, the scalloping of the clivus, the
dysgenetic corpus callosum, and the hydrocepha-
lus (variable severity) (Rani et al. 2013) (Fig. 8).

The differential diagnosis of C-III is with other
Chiari malformations (see also Table 2) and
iniencephaly. Iniencephaly (or iniencephalus) is
a rare congenital anomaly (0.1–10/10,000 preg-
nancies) characterized by large occipital defect
with enlarged foramen magnum, spina bifida of
the cervical vertebrae with absent neck, and fixed
retroflexion of the head (Chikkannaiah et al. 2014;
Erdincler et al. 1998; Kulkarni et al. 2011). The
associated anomalies are numerous, concerning
both the spine and chest (e.g., absent vertebrae,
Klippel-Feil syndrome, Sprengel’s deformity,
malformed thoracic vertebrae, nuchal tumors)
and the brain (e.g., anencephaly, hydrocephaly,
cyclopia, microcephaly, polymicrogyria,
holoprosencephaly, and atresia of the ventricular

Fig. 8 Typical appearance of C- III. (a) Preoperative MRI showing the suboccipital meningoencephalocele with partial
herniation of a hypoplastic cerebellum and occipital lobes. (b) MRI of the same patient after surgical repair
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system). It is classified as apertus (open) or
clausus (closed) according to the presence of
encephalocele (Fig. 9).

Clinical Picture

The clinical picture is dominated by symptoms
and signs of encephalocele. Generally, there is a
strict correlation between the severity of the PCF
herniation and the severity of the clinical picture
(Bulut et al. 2013; Sirikci et al. 2001).

At inspection, a large and soft occipital mass,
usually covered by normal or dyschromic skin, is
evident (Fig. 10a), while a skin defect is rarely
observed. The most typical clinical findings are
respiratory distress, aspiration pneumonia, stridor,
dysphagia, nystagmus, hypotonia or spasticity,
sensory loss, and ataxia (Cakirer 2003; Caldarelli
et al. 2002; Isik et al. 2009; Muzumdar et al.
2007). In the most severe cases, a respiratory
failure is present at birth. Several associated find-
ings have been reported to complicate the clinical
picture in rare cases, as cerebellar hematoma and
congenital heart disease (Bulut et al. 2013), large
diaphragmatic defect (De Reuck and Thienpont

1976), microcephaly and hypertelorism (Garg
et al. 2008), syndactyly and polydactyly
(De Chalain et al. 1994), proatlas anomaly (Garg
et al. 2011), and scoliosis (Isik et al. 2009). On the
other hand, Dandy-Walker malformation,
Klippel-Feil syndrome, and split cord malforma-
tion are relatively common (Castillo et al. 1992;
Erol et al. 2011).

It is worth noting that some asymptomatic
cases have been described (Ramdurg et al. 2013;
Sirikci et al. 2001). The diagnosis was obtained
even at 14 years of life (Cakirer 2003).

Management

Children with C-III often require an initial admis-
sion in intensive care unit because of the young
age (they often need treatment soon after the birth)
and the possible, severe respiratory distress. Since
the condition may be lethal if untreated, the man-
agement consists of the primary closure of the
malformation. Occipital or cervical encephalocele
is not necessarily burdened by a worst prognosis,
and this is a further argument in favor of their
repair.

Fig. 9 (a, b) Iniencephaly apertus. Note the large occipital defect and the abundant encephalocele other than the atresic
ventricular system, the hindbrain herniation, and the syringomyelia
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The timing of surgery is debated. Indeed, some
authors advocate an early repair to avoid long-
lasting brainstem and spinal cord compression/
dysfunction, whereas other authors suggest a late
closure, to allow the patient to grow and undergo a
safer operation, unless a skin defect is present
(Garg et al. 2011; Isik et al. 2009; Jaggi and
Premsagar 2007; Snyder et al. 1998). A preoper-
ative shunt or external drainage has been used to
favor the detention of the PCF content and/or to
delay the closure of the encephalocele (Agrawal
et al. 2011; Caldarelli et al. 2002; Snyder et al.
1998). As for other encephalocele, the repair con-
sists of a resection of the nonfunctioning herniat-
ing tissue, trying to preserve as much as possible
the neurological functions of the healthy neural
tissues, careful dissection of the PCF structures
and their accommodation in an enough large
space to prevent the re-tethering, and dural recon-
struction and watertight closure. Intraoperative
neurophysiological monitoring can be helpful in
driving the surgical dissection, although the cha-
otic anatomy and the patients’ young age may
make it less sensitive than in other instances.
MRI with DTI (diffuse tensor imaging) has been
proposed for evaluating the position of the
descending tracts preoperatively in order to better
identify the resectable, herniating tissues (Zolal
et al. 2010). In case of large bony defects, a

cranioplasty and rotation of the surgical skin flap
may be required (Furtado et al. 2009). The
cranioplasty is necessary to prevent the occur-
rence of pseudomeningocele. The rotational skin
flap is indicated when the dystrophic or the
lacking skin does not ensure an adequate covering
at site of the repair (Fig. 10b).

Prognosis

In spite of the prompt surgical treatment, the prog-
nosis of C-III remains poor in several cases. Neg-
ative prognostic factors are represented by stridor
at birth, poor neurological status before surgery,
large encephalocele, and hydrocephalus (Agrawal
et al. 2011; Kiymaz et al. 2010; Muzumdar et al.
2007). As expected, the amount of herniating
brainstem is crucial, a better outcome being reg-
istered in case of ectopia less than 5 cm (Isik et al.
2009).

Apart from the high risk of spontaneous and
surgical mortality (overall rate, 29%) (Cesmebasi
et al. 2015; Kiymaz et al. 2010), the surviving
children almost invariably show a developmental
delay (variable severity), motor deficits with
hypotonia or spasticity, lower cranial nerve defi-
cits, epilepsy, and, sometimes, persistent respira-
tory distress needing tracheotomy (Caldarelli and

Fig. 10 Encephalocele in C-III before (a) and after surgical repair with rotational skin flap (b)
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Di Rocco 2010; Furtado et al. 2009). Once again,
these sequelae are attributed to a primary
brainstem dysfunction and/or to a secondary dam-
age resulting from the distortion and traction of
the brainstem by the malformation.

In the most favorable cases, on the other hand,
the respiratory distress quickly improves in up to
80% of cases (Isik et al. 2009). Even patients with
a normal life have been reported (Iskandar et al.
1998).

Chiari Type IV Malformation

The use of the term “C-IV” still generates some
misunderstandings. According to the original
Chiari’s description, C-IV is characterized by
hypoplasia of the cerebellar hemispheres (not
aplasia) and small PCF, without hindbrain herni-
ation through the foramen magnum but with
occipital encephalocele through a relatively
small bony defect below the posterior fontanel
(Chiari 1896; Tubbs et al. 2016). Other associated
anomalies are small foramen magnum, split of the
superior sagittal sinus around the encephalocele,
narrowed tentorium, aplasia of the falx cerebelli,
elongated inferior medullary velum, rolled infe-
rior vermis, hydrocephalus, normal pons, and
medulla oblongata. Chiari stressed the presence
of occipital encephalocele with supratentorial
content as the main feature of this malformation.
On these grounds, only the cases of hypoplasia of
PCF and its content with occipital encephalocele
can be considered as C-IV.

The confusion on the Chiari’s description was
probably induced by the misinterpretation of the
Cruveilhier’s report on a specimen of cerebellar
hypoplasia and funnel-shaped PCF (Tubbs et al.
2016). As a consequence, any form of cerebellar
hypoplasia or aplasia (primary cerebellar agenesis
(PCA), Dandy-Walker malformation complex,
vanishing cerebellum) without hindbrain hernia-
tion was considered as C-IV in spite of the differ-
ences with the original Chiari’s description
(Brownlee et al. 1997; Chaudhari et al. 2008;
Raimondi 1972; Tekin et al. 2002). Such an
improper classification was used not only in the
absence of occipital encephalocele or

hydrocephalus but also in the presence of pontine
(or brainstem) anomalies or even C-III.

Currently, PCA is the condition more fre-
quently referred as C-IV (Boltshauser et al.
2002; Sener and Dzelzite 2003; Tubbs et al.
2012). PCA is characterized by complete agenesis
of the cerebellar tissue (except for possible rem-
nants of the anterior quadrangular lobes),
resulting from several congenital or acquired dis-
orders, with a normal-sized PCF filled by CSF
(Alkan et al. 2009; Titomanlio et al. 2005). Mild
mental retardation and a variable degree of cere-
bellar dysfunction (usually ataxia, dysmetria, and
nystagmus) are the clinical features. The most
similar condition to PCA is represented by the
vanishing cerebellum where, however, the cere-
bellar “agenesis” is subtotal and results from a
mechanically induced ischemia, PCF is small,
and all the intracranial signs of C-II are present.

The outcome of “original” C-IV depends on
the encephalocele and the coordination deficits
related to the cerebellar hypoplasia, thus config-
uring a better prognosis than that expected on the
basis of some of the other “similar” conditions.

Chiari “Type V” Malformation

This entity has been presented by Tubbs et al. on
2012 (Tubbs et al. 2012). The reported case was
characterized by sacral myelomeningocele,
hydrocephalus, vanishing cerebellum, and herni-
ation of the occipital lobes into the foramen mag-
num. The child was managed by
myelomeningocele repair, shunt placement for
associated hydrocephalus, and tracheostomy for
stridor and was alive and in quite good clinical
condition at 6 months follow-up (awake, mild
delay, tracking with eyes, movements of upper
and lower extremities). The herniation of the
occipital lobes through the foramen magnum is
exceptional. Previously, it has been reported as a
feature of very severe C-II in a calf (Testoni et al.
2010). Also a temporal lobe herniation, with par-
tial occipital herniation, in a human C-II has been
described (Udayakumaran et al. 2010). On these
grounds, it has been postulated that the occipital
herniation could result from the combination of
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the C-II pathogenesis with a significant tentorial
defect and a prenatal hydrocephalus, thus config-
uring a “C-II plus” (Udayakumaran 2012). How-
ever, the case presented by Tubbs and coworkers
shows the unique combination of occipital herni-
ation and the absence of the cerebellum, and no
similar cases have been reported so far, so that the
authors claimed for it the definition of “C-V”
(Tubbs and Oakes 2012).
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