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 Introduction

The autopsy of a 17-year-old girl who died of 
typhoid fever was the first case of Chiari malfor-
mation described by Hans Chiari in 1891 [1]. 
Hans Chiari wanted to describe changes in the 
cerebellar region caused by hydrocephalus, she 
had however had no cerebellar or medullary 
symptoms prior to her death of typhoid fever; an 
incidental finding. Later on he went on to describe 
a case series consisting of 14 patients with Chiari 
malformation and speculated in other mecha-
nisms such as insufficient bone growth or skull 
enlargement resulting in higher intracranial pres-
sure [2]. He described the condition among other 
malformations of the craniocervical junction. 
Just 25  year later, in 1932, the first surgical 
attempt to correct the malformation was per-
formed by Van Houweninge Graftidijk [3]. Much 
like the current surgical techniques he tried by 
resecting redundant cerebellar tonsils or resect 
the bone over the malformation and incise the 
dura. Given the early days of neurosurgery, his 

patients however didn’t survive the procedure. 
By the end of 1930 and beginning of 1940 the 
condition had received further attention by sev-
eral other publications in which adult cases of 
Chiari malformation was described either with or 
without hydrocephalus.

Today almost 1.5 century later we can still to 
some extent recognise the challenges and diffi-
culties pioneers of neurosurgery faced and their 
struggle to find and refine surgical techniques to 
treat this condition. Our challenges have however 
changed in a fundamental way with overt use of 
imaging techniques leading to a surge in inciden-
tal findings with Chiari malformation being one 
of these findings. Just like Hans Chiari describing 
a condition that had to effect on the deceased girl 
and her symptoms, we can now face patients ini-
tially investigated for an unrelated condition or 
trauma and with no symptoms with a condition 
ultimately being an incidental finding.

It is fundamental to recognise that despite 
having varying degree of involvement of rhom-
boenchephalic derivate and hindbrain structures 
Chiari malformations are also a heterogeneous 
group of malformations with different underlying 
mechanisms and overlapping symptoms. Best 
treatment demands understanding of the various 
pathophysiological mechanisms involved in the 
specific case.
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 Definition

Classic Chiari I malformation is a congenital 
condition with descent of cerebellar tonsils into 
foramen of magnum equivalent to or beyond 
5 mm. Chiari malformation is found in 0.8–1% in 
hospital series [4, 5]. The prevalence seems to 
also be similar or lower among general popula-
tion and is described as 0.2–1.7% in adults [6–8]. 
Asymptomatic cases are therefore almost always 
found among patients undergoing radiological 
imaging for various reasons specially among 
infants and young children. In children and 
infants, the extent of the caudal migration might 
decrease over time and asymptomatic children 
are therefore followed up until adulthood. There 
are also patients who do not have the classic 
descent of the cerebellar tonsils but who do have 
crowding in their posterior fossa with extensive 
syringomyelia and who do improve after decom-
pression surgery of the posterior fossa.

In recent years the need to further describe the 
variety seen in Chiari I patients has led to descrip-
tion of two new entities within the Chiari I cate-
gory namely Chiari 0 and Chiari 1.5. Chiari 0 
describes the condition where a syringomyelia is 
present in absence of cerebellar herniation which 
resolves after posterior fossa decompression. 
Chiari 1.5 is a more severe form of Chiari I mal-
formation in which the both the medulla and cer-
ebellar tonsils are herniated below foramen 
magnum [9, 10].

Unlike Chiari I, patients with Chiari II suffer 
from neural tube defects such as myelomeningo-
cele and encephalocele. Syringomyelia is com-
mon in this group as is hydrocephalus and a 
variety of other conditions involving the skull, 
bony spine, meninges, ventricles, spinal cord and 
various cerebral structures [11].

 Pathophysiology

Early on it was hypothesized that hydrocephalus 
was related to and could cause Chiari malforma-
tion as evident in the early descriptions of Chiari. 
However later series found this association in less 
than 10% of the Chiari cases and hence a causal 

relationship between Chiari malformation and 
CSF disturbance has not been established [12].

Comparisons of posterior cranial fossa of 
Chiari I patients and normal population has 
shown that the posterior cranial fossa is smaller 
in Chiari I patients compared to normal controls 
[13, 14]. In a recent study these differences has 
been shown to be more prominent among men 
than women despite the higher prevalence of 
Chiari I malformation in women than men [15]. 
A smaller posterior cranial vault is also observed 
in Chiari malformation cases associated with 
other conditions such as multisuture craniosynos-
tosis, platybasia, neurofibromatosis type I, famil-
ial vitamin D-resistant rickets and acromegaly 
[16–19]. It has been hypothesized that mesoder-
mal defects can cause a smaller posterior cranial 
vault which in turn can cause cerebellar tonsillar 
herniation [20, 14].

 Signs and Symptoms

Chiari I patients can be asymptomatic as Chiari I 
can be found as an incidental finding. Symptoms 
usually have a gradual onset and acute onset is 
unusual.

The most common type of symptom in both 
adults and children is occipital and or cervical 
headache or pain which is either exacerbated or 
elicited by Valsalva manoeuver or Valsalva-like 
strain such as laughing and coughing. The head-
ache should typically be of short duration (sec-
onds to minutes). The proposed mechanism for 
the headache is disturbed cerebrospinal fluid 
dynamics and raised intrathecal pressure and 
worsening of the crowding in posterior fossa 
[21]. In young children and infants this presenta-
tion can be in the form of irritability or inconsol-
able crying [22].

Headache is a very common symptom in gen-
eral population and among children and adoles-
cents and therefore a thorough investigation of 
the origin of the headaches are necessary if the 
history is inconsistent with strain-related head-
ache. Aside from headaches, medullary symp-
toms can be found and be prominent in patients 
with syringomyelia. The symptoms are that of 
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classical medullary signs and symptoms with 
progressive limb weakness, hyperreflexia, bal-
ance- and gait disturbance. Paediatric patients 
may also present with failure to thrive, sleep 
apnoea, hoarseness, snoring or arching back [22]. 
Scoliosis can also be a manifestation of Chiari I 
in children and is usually accompanied by 
syringomyelia.

Other types of symptom include dizziness, swal-
lowing difficulties, sinus bradycardia and autonomic 
dysfunction, difficulties with hand coordination, 
nystagmus and visual impairment [12].

 Syringomyelia

Syringomyelia, a fluid filled cavity within the 
spinal cord, is one of the most common findings 
associated with Chiari I malformation. First 
description of syringomyelia has been accredited 
to Stephanus who in 1545 described a cavitation 
in “the interior substance of the marrow of the 
back” containing a red brown fluid. This descrip-
tion is more befitting of a post-haemorrhagic cav-
ity than true syringomyelia. A cystic cavity in 
spinal cord found in connection with hydroceph-
alus was first described by Brunner in 1688. The 
term itself was first applied by Ollivier D’Angers 
in 1827 who thought of the central canal as a 
pathological finding [23].

Syringomyelia can have various different 
causes with different underlying pathophysiolog-
ical mechanisms. The condition can be tumour 
related, congenital, inflammatory or traumatic in 
nature and treatment should always if possible 
treat the underlying condition such as in the case 
of Chiari malformation or tethered cord. As pre-
viously mentioned, patients with Chiari 0 are 
patients in whom a syringomyelia is detected 
without tonsillar herniation but with posterior 
fossa crowding. In these patients the treatment of 
the underlying cause which is believed to be a 
functional obstruction of the foramen magnum 
with posterior fossa decompression and dura-
plasty can typically resolve the underlying 
syringomyelias.

 Surgical Treatment

The surgical treatment of Chiari I malformations 
is very much in line with what forefathers of neu-
rosurgery once proposed. Suboccipital decom-
pression and duraplasty is the standard surgical 
method for treatment of Chiari I malformations. 
The procedure is often combined with C1 lami-
nectomy but laminectomy to achieve a good 
decompression of structures oftentimes pushed 
beneath the level of foramen Magnum. C1 lami-
nectomy should however be limited to minimal 
manipulation of facet joints and their capsule to 
avoid future complications and swan neck defor-
mity. In recent times the use of suboccipital 
decompression alone without duraplasty has 
been performed and advocated because of the 
procedure’s low rate of complications and easy 
mobilisation and discharge of patients. CSF leak-
age remains the most common complication of 
suboccipital decompressions combined with 
duraplasty and is avoided with bony decompres-
sion alone. The so called “bony only” decom-
pressions are however mostly used in children 
without syringomyelia [24]. The procedure is 
then combined with C1 laminectomy, resection 
of atlantoocciptal membrane and scoring of the 
outer layer of the dura. A recent study found that 
this procedure also had a favourable long-term 
outcome in children [25]. For adults the matter 
remains controversial as no high quality study 
has been performed on adult patients comparing 
the two procedures [26]. The preferred surgical 
method for adults remain suboccipital craniot-
omy with duraplasty.

As an alternative to suboccipital craniotomy 
and duraplasty, an extra arachnoidal craniocervical 
decompression has been successfully practiced at 
the institution of the senior author [27]. Using this 
technique the arachnoid membrane is left intact 
and duraplasty is not performed. The dura is left 
open with the dural slits stiched laterally to the 
muscles. The technique is briefly described here, 
Figs. 17.1 and 17.2. Patients are positioned in sit-
ting position for this procedure. A suboccipital 
craniotomy and C1 laminectomy of at least 
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Fig. 17.1 (a) Patient is positioned in sitting position with 
a midline trichotomy. (b–f) Stepwise suboccipital crani-
otomy and opening of the posterior atlantooccipital mem-

brane. (g) Opening of the dura with angled dural dissector. 
(h, i) Stiching of the dural to laterally to the muscles

a b
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e f

d
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2 × 3.5 cm is performed after which the underlying 
posterior atlantooccipital membrane is opened. 
Underlying dura is opened meticulously using an 
angled dural dissector and paying attention to not 
violate the arachnoid membrane accidentally. The 
dura is then stitched to the muscles laterally and 

left open. In our series a resolution of the syringo-
myelia and good neurological outcome was found 
after a mean follow-up period of 44 months [27]. 
The senior author uses this procedure for younger 
adults due to its low risk of complications and 
good surgical outcome in that patient group.

g

i

h

Fig. 17.1 (continued)
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