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Abstract

Keywords: Hydrocephalus — Phase-contrast MRl — Chiari 1

malformation.

Cardiac-gated cine Phase contrast MRI has proved
to be a robust technique for noninvasive assessment
of the hydrodynamics of the CSF circulation. The
technique permits both qualitative and quantitative

evaluation of CSF flow.
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Introduction

Introduction

Cardiac-cycle-related cerebral blood volume variations produce bidirectional oscillatory
movement of cerebrospinal fluid (CSF) within the craniospinal axis. During systole, the net
inflow of blood increases the intracranial volume and induces craniocaudal (systolic) CSF
flow where the spinal subarachnoid CSF space functions as a buffer for volume expansion.
During diastole, the net outflow of blood decreases the intracranial volume and promotes
caudocranial (diastolic) CSF flow. A non-invasive assessment of CSF flow patterns has
been found to be clinically useful where there is a disturbance of the CSF circulation (Nitz
et al., 1992) (Lee et al., 2004).

Phase-contrast magnetic resonance (MR) imaging is a technique that uses a bipolar
gradient pulse to impart net phase change as CSF moves along the gradient, thus
sensitizing MR images to velocity changes in a specific direction, while canceling signals
from stationary protons and from motion in other directions. Phase-contrast MRI is
sensitive to areas of slow flow, allows flow direction to be appreciated, and permits
guantification (Nitz et al., 1992) (Lee et al., 2004).

Phase-contrast MR imaging (MRI) techniques can display pulsatile CSF motion non-
invasively and allows the assessment of its amplitude. Since CSF flow is pulsatile,
synchronous with the cardiac cycle, cardiac gating is applied to improve temporal

resolution (Nitz et al., 1992) (Bhadelia et al., 1997).

Cardiac-gated, two-dimensional (2-D) cine-phase-contrast MRI has been successfully
used in evaluating patency of endoscopic third ventriculocisternostomy (Fukuhara et al.,
1999), which is being increasingly used as an alternative to traditional CSF shunting in
noncommunicating hydrocephalus; measuring aqueductal CSF flow in patients with
normal-pressure hydrocephalus and predicting successful response to CSF shunting
(Bradley et al., 1996) (Bradley, 2000); and characterizing the flow of CSF in the foramen

magnum in patients with Chiari 1 malformations (Haughton el al., 2003).
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Anatomy Of The Ventricular System With MR Imaging Correlation
(Crossman, 2005)

The cerebral ventricular system consists of a series of interconnecting spaces within the
brain which are derived from the central lumen of the embryonic neural tube and the

cerebral vesicles to which it gives rise (Fig. 1.1).

Anterior horn of (— Body of lateral Pasterior horn of —
lateral ventricle ventricle lateral ventricle |

Inferior horn of
| tateral venmncie

(A) | S (B)
Fig. 1.1 (Crossman, 2005): (A) Resin cast of the ventricular system. (B) Projection of
the ventricular system onto the left surface of the brain.

Lateral Ventricle

Within the cerebral hemisphere lies the lateral ventricle. Viewed from the lateral aspect,
the lateral ventricle has a roughly C-shaped profile (Fig. 1.1) with an occipital tail. It is
divided into a body and frontal (anterior), occipital (posterior) and temporal (inferior)

horns.

The frontal horn lies within the frontal lobe (Fig. 1.2 and 1.3). It is bounded anteriorly by
the posterior aspect of the genu and rostrum of the corpus callosum, and its roof is
formed by the anterior part of the body of the corpus callosum. The frontal horns of the

two ventricles are separated by the septum pellucidum.
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(A)

(B)

Fig. 1.2 (Atlas, 2003): Diagram (A) and corresponding axial MRI image (B) of normal
brain at the level of the frontal horns and atria of the lateral ventricle:

(A)

(B)
Fig. 1.3 (Atlas, 2003): Specimen (A) and corresponding coronal MRI image (B) of

normal brain at the level of the frontal horns of the lateral ventricles
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The coronal profile of the frontal horn (Fig. 1.3) is roughly of a flattened triangle in which
the rounded head of caudate nucleus forms the lateral wall and the floor. The frontal horn

extends back as far as the interventricular foramen of Monro (Fig. 1.1).

The body of the lateral ventricle lies within the frontal and parietal lobes, and extends
from the foramen of Monro to the splenium of corpus callosum (Fig. 1.1). The bodies of
the two ventricles are separated by the septum pellucidum, which contains the columns of
the fornices in its lower edge (Fig. 1.4, see fig. 1.7). The inferior limit of the body and its
medial wall are formed by the body of the fornix. The coronal profile of the body (Fig. 1.4)
is a flattened triangle with an inward bulging lateral wall formed by the thalamus inferiorly
and the tail of the caudate nucleus superiorly. The body of the lateral ventricle widens
posteriorly to become continuous with the occipital and temporal horns at the atrium or

the trigone of the lateral ventricle (Fig. 1.2).

The occipital horn curves posteromedially into the occipital lobe (Fig. 1.5). It is usually
diamond-shaped or square in outline, and the two sides are often asymmetrical. Fibers of
the tapetum of the corpus callosum separate the ventricle from the optic radiation, and
form the roof and the lateral wall of the occipital horn. Fibers of the splenium of the
corpus callosum (forceps major) pass medially as they sweep back into the occipital lobe,

and produce a rounded elevation in the upper medial wall of the occipital horn.
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A ®)
Fig. 1.4 (Atlas, 2003): Diagram (A) and corresponding coronal MRI image (B) of
normal brain at the level of the bodies of the lateral ventricles

A) (B)
Fig. 1.5 (Atlas, 2003): A specimen (A) and corresponding axial MRI image (B) of

normal brain at the level of the occipital horns of the lateral ventricles
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