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Abstract
Introduction: The treatment of the Arnold Chiari malformation associated with hydrocephalus is debated, as is the 
pathophysiology. Phase contrast magnetic resonance imaging (PCMRI) allows non-invasive analysis of cerebrospinal 
fluid (CSF) and arterial and venous blood flow. This technique can be an aid in the understanding of physiopathological 
mechanisms and therapeutic decisions. Clinical Case: A 41-year-old female patient presented with headaches associated with 
a tetrapyramidal syndrome, motor disorders, and vigilance disorders. The radiological workup was in favour of a triventricular 
hydrocephalus associated with a Chiari type I malformation (MCI) and a cervical syringomyelic cavity. An endoscopic 
ventriculocisternostomy was urgently indicated. Postoperative radiological follow-up showed regression of the ventricular 
cavities, complete regression of the ptosis of the cerebellar tonsils, and disappearance of the syringomyelia. Phase contrast MRI 
performed remotely showed aqueducal stenosis and hydrodynamic restitution of the CSF at the foramen magnum. Conclusion: 
The performance of an ETV presents low complication rates with important clinical effectiveness in Chiari malformations 
associated with hydrocephalus and syringomyelia.
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Introduction
Chiari I malformation (MCI) is defined as a descent of the 

cerebellar tonsils more than 5 mm below the foramen magnum 
[1, 2]. The clinical presentations are multiple. An association 
with hydrocephalus is noted in 9% of cases. The association with 
syringomyelia seems to be more frequent (65%) [3].

The pathophysiology of the association of MCI with 
hydrocephalus is debated in the literature [4, 5]. Currently, only a 

few clear data points allow us to understand this context.

Analyses are based essentially on anatomical and 
preoperative imaging data. Similarly, therapeutic approaches are 
debated [4-7], probably due to the lack of a clear pathophysiological 
understanding. An analysis of the dynamics of cerebrospinal fluid 
(CSF) could allow a different understanding of the pathophysiology 
of intracranial fluids flows in order to better adapt the therapeutic 
management.

In the physiological state, the CSF circulates in a pulsatile 
manner in the sub-arachnoid spaces at the cardiac rhythm. This 
pulsatility of CSF is achieved by a flush to the perimedullary 
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subarachnoid spaces in the systolic phase and an inflow of CSF to 
the intracranial subarachnoid spaces in the diastolic phase. These 
inflow-outflow phenomena compensate for variations in intracranial 
vascular volume during the cardiac cycle [8, 9]. This phenomenon 
is called mobile compliance by several authors [4, 9]. Obstruction 
of the foramen magnum limits the passive circulation of the CSF 
towards the spinal subarachnoid spaces, thus a loss of part of the 
cerebral autoregulation of the intracranial pressure (ICP). A Phase 
contrast magnetic resonance imaging (PCMRI) study enables us 
to quantify CSF and blood flow at the craniospinal level [8, 10]. 
This allows characterization of craniospinal hemodynamics and 
hydrodynamics. Therefore, the analysis of the pathophysiology of 
MCI by PCMRI seems relevant.

We report a case of MCI associated with hydrocephalus 
and syringomyelia that rapidly resolved after endoscopic 
ventriculocisternostomy (ETV).

Clinical Case

A 41-year-old female patient was referred to the emergency 
department and was then hospitalised in the neurosurgery 
department of the Amiens-Picardie University Hospital for 
vigilance disorders. She presented with headaches that had been 
progressing for several months. An unusual ronchopathy had 
appeared at the same time as the headaches. For several days, she 
had been experiencing walking and balance disorders associated 
with a tetrapyramidal syndrome and multi-modal sensitivity 
disorders. Oculomotor analysis revealed bilateral VI involvement. 
The clinical examination revealed sensory disorders of the right 
hemisphere without a motor deficit. She rapidly showed the onset 
of slight vigilance disorders (Glasgow coma scale at 12).

The MRI (Figure 1A) showed triventricular dilatation 
and effacement of the cortical sulci. It showed a near- complete 
disappearance of all the cisterns of the infratentorial stage and a 
descent of the cerebellar tonsils of about 13 mm below the plane 

of the foramen magnum (Figure 2A). At the cervicothoracic level, 
MRI showed a cervicothoracic syringomyelia cavity initially 
interpreted by the radiologist in a satellite center as a medullary 
cystic infiltrating tumor because of the associated medullary 
oedema (Figure 2A).

A diagnosis of Chiari type I malformation complicated by 
hydrocephalus and cervicothoracic syringomyelia was made in 
view of the observed radiological lesions. A PCMRI analysis was 
not performed preoperatively because of the patient’s clinical 
condition and the need to perform an emergency procedure. 
Therefore, the hydrocephalus was initially treated by endoscopic 
ventriculocisternostomy.

The postoperative course was marked by the regression of 
the vigilance disorders, the disappearance of the headaches, and 
the disappearance of the oculomotor disorders. There remained 
only a few sensitivity disorders such as paraesthesia of the limbs, 
which disappeared at 2 months postoperatively. Close monitoring 
was proposed, with a follow-up MRI at 3 weeks combining phase 
contrast sequences.

MRI showed a complete reduction 
in cerebellar tonsil ptosis and a decrease in ventricular volume 
(Figures 1B, 1C, 2B, and 2C). Phase contrast MRI showed, at 3 
weeks postoperatively, a stenosis of the midbrain aqueduct and 
complete disappearance of the syringomyelia. The pulsatility of 
the CSF at the endoscopic third ventriculostomy was significant 
(345 microliters/cardiac cycle), as well as a hyperpulsatility of 
the subarachnoid CSF measured intracranially (at the level of the 
prepontic cisterns) and at the cervical level (at the C2C3 disc). This 
pulsatility was 953 microliters per cardiac cycle at the cervical 
level (follow-up value: 340 +- 210 microliters per cardiac cycle) 
[10]. This hyperpulsatility of the CSF responded to increased 
intracranial vascular volume variation (1.5 mL/ cardiac cycle) 
(control value: 0.76+-0.30 mL/ cardiac cycle) [10].
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Figure 1: Axial MRI scans showing the resolution of the hydrocephaly. (A) Axial MRI scan before surgery showing hydrocephalus 
with Evans index to 0.35. (B) Axial FLAIR MRI at 3-month post-surgery with Evans index to 0.29. (C) Axial FLAIR MRI at 19-month 
post-surgery with Evans index to 0.27.

Figure 2: Sagittal MRI view showing the resolution of syrinx. (A) MRI T2 FLAIR pre operative showing the syrinx at the cervical 
spinal cord level. (B) T2 MRI at 3 weeks after surgery with regression of syringomyelia. (C) T2 MRI at 12 months after surgery showing 
disappearance of the syringomyelia.

Discussion
Our clinical case shows that the diagnosis of Chiari malformation can be secondary to another pathology, such as hydrocephalus. 

Our patient presented with pre-existing hydrocephalus, probably previously compensated, which generated an increasingly high pressure 
gradient between the supratentorial and infra-tentorial spaces first. Secondly, the supratentorial hydrocephalus caused an increase in 
infratentorial pressure that resulted in chronic tonsillar involvement.

The pathophysiology of hydrocephalus associated with MCI is debated [5-7, 11]. For some authors, the Chiari anomaly is responsible 
for a distal obstruction of the outflow tracts at the level of V4 (foramen of Magendie and Lushka). For other authors, it could be an 
obstruction of the outflow tracts of V4, which would cause ptosis of the cerebellar tonsils. In the series of Decq [6], it has been shown 
that ventriculocisternostomy was very effective in hydrocephalus associated with MCI. In this series, it was essentially MCI associated 
with an obstruction of Magendie’s foramen. A partial regression of the degree of tonsil ptosis was observed postoperatively. In a broad 
review of the literature, Massimi et al. [12] proposed multiple etiologies for hydrocephalus associated with a Chiari anomaly. However, 
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he found a predominance of distal obstruction mechanisms at the 
level of V4 by the MCI justifying the indications of endoscopic 
ventriculocisternostomy. Only 11% of patients treated by ETV 
underwent posterior fossa decompression because of persistent 
symptoms.

Our clinical case shows the usefulness of PCMRI in the 
understanding of the physiopathological mechanisms of MCI. In 
our clinical case, in view of the life-threatening hydrocephalus, it 
was not possible to perform a PCMRI to study the hemodynamic 
changes at the level of the cranio-spinal hinge. The postoperative 
PCMRI was able to determine the etiology of the hydrocephalus 
by revealing an absence of flow at the aqueductal level, indicating 
a stenosis. Moreover, on the later follow-up examinations, it was 
found that the ptosis of the tonsils had completely regressed. This 
supports the existence of a MCI, which would be secondary to 
hydrocephalus rather than the opposite. The etiology would rather 
be that of tonsillar involvement generated by a pressure gradient 
than a MCI. Performing a PCMRI at the diagnostic phase allows 
a comprehensive analysis of craniospinal hemodynamics and 
hydrodynamics [13]. In cases where MRI can be performed before 
the procedure, it enables confirmation of the therapeutic approach.

The therapeutic approach to hydrocephalus associated with 
MCI is also debated. A large body of literature suggests that ETV 
should be performed [5, 6, 12]. Some authors have suggested a 
posterior fossa decompression [11]. ETV has a low complication 
rate [12] and high clinical effectiveness. Decq et al. [6], showed a 
regression of the degree of preoperative tonsil ptosis from 13.75 
mm to 7.76 mm post-surgery. This reflects the effectiveness of 
sustentorial hydraulic treatment of the pathophysiological context 
as a whole.

Our patient had significant intracranial vascular volume 
variation in view of the data in the control populations (approximately 
twice as high) [10]. The vascular expansion is compensated by 
flushing of CSF into the perimedullary subarachnoid spaces [8, 9]. 
In patients with a Chiari anomaly associated with hydrocephalus, 
the hydrocephalus may aggravate the degree of ptosis of the 
cerebellar tonsils and thus lead to a decrease in the CSF outflow 
area at the foramen magnum. A decrease in the flow area leads to 
an increased resistance to flow, thus altering the pulsatility of the 
CSF at this level. The alteration of this mobile compliance would 
lead to an exponential worsening of the symptomatology due to 
the loss of one of the main mechanisms of intracranial pressure 
self-regulation. Performing an ETV would make it possible to 
reduce or even eliminate the pressure gradient. This gradient 
would be at the origin of the increased ptosis of the tonsils and 
thus of the restriction of the surface of flow of the CSF at the level 
of the foramen magnum. In this way, the Chiari anomaly is not 
treated, but the mechanisms of compensation and regulation of the 
intracranial pressure would be restored. In our case, this resulted 

in a clear symptomatic improvement and a nearly complete 
regression of the syringomyelia cavity.

In our case, the ptosis of the cerebellar tonsils is not a 
MCI but a tonsillar commitment by the installation of a pressure 
gradient between the intracranial and perimedullary subarachnoid 
spaces. This mechanism is quite similar for intracranial expansive 
processes, lumboperitoneal shunts, lumbar CSF leaks [14, 15].

Conclusion
The pathophysiology of Chiari anomalies associated with 

hydrocephalus could be clarified by performing a PCMRI. Carrying 
out this examination could thus improve our diagnostic ability 
and thus adapt the therapy to the particular context of the patient. 
ETV seems the therapeutic option to reduce the hydrodynamic 
consequences of hydrocephalus and its impact on MCI.
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