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Quantitative measurement of normal and
hydrocephalic cerebrospinal fluid flow using

phase contrast cine MR imaging.∗

Shinji Katayama, Shoji Asari, and Takashi Ohmoto

Abstract

Measurements of the cerebrospinal fluid (CSF) flow using phase contrast cine magnetic reso-
nance (MR) imaging were performed on a phantom, 12 normal subjects and 20 patients with nor-
mal pressure hydrocephalus (NPH). The phantom study demonstrated the applicability of phase
contrast in quantitative measurement of the slow flow. The CSF flows of the normal subjects
showed a consistent pattern with a to-and-fro movement of the flow in the anterior subarachnoid
space at the C2/3 level, and they were dependent on the cardiac cycle in all subjects. However,
the patients with NPH showed variable patterns of the CSF pulsatile flow and these patterns could
be divided into four types according to velocity and amplitude. The amplitudes of each type were
as follows: type 0 (n = 1), 87.6mm; type I (n = 2), 58.2mm (mean); type II (n = 6), 48.0 +/-
5.0mm (mean +/- SEM); and type III (n = 11), 19.9 +/- 1.8mm (mean +/- SEM). The decrease of
the amplitudes correlated to a worsening of the clinical symptoms. After the shunting operation,
the amplitude of to-and-fro movement of the CSF increased again in the patients with NPH who
improved clinically. Some of the type III cases were reclassified type II, I and 0 and also one of the
type II cases changed type I after the shunting operation. We conclude that the phase contrast cine
MR imaging is a practically and clinically applicable technique for the quantitative measurement
of the CSF flow.
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