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Brain Perfusion and Vasoreactivity in Multiple Sclerosis

Multiple sclerosis (MS) is a chronic disorder of the central

nervous system, pathologically characterized by in-

flammation, demyelination, and neurodegeneration. In past

years, there has been increasing attention paid to its ischemic-

vascular aspects because abnormalities in CBF and CBV have

been consistently described in both WM and GM, in all MS

stages.1 The enhanced expression of an hypoxia-inducible

factor in normal-appearing WM and altered glial cell homeo-

stasis and dysregulation of genes involved in hypoxic precon-

ditioning also have been observed in MS lesions.1 Finally,

histopathologic similarities between ischemic and MS pat-

tern III WM lesions and epidemiologic evidence of increased

risk for developing ischemic stroke in patients with MS fur-

ther support the presence of vascular abnormalities in the

disease.1

A recent study found that cerebral vasoreactivity (CVR) is

also affected, adding further evidence of impaired CBF regula-

tion in MS.2 Using pseudocontinuous arterial spin-labeling

perfusion MR imaging to measure CBF at normocapnia and

hypercapnia (carbon-dioxide test), Marshall et al2 reported

decreased global CVR in the GM of patients with MS compared

with healthy controls. Decreased GM CVR correlated posi-

tively with patients’ GM atrophy index and negatively with

their lesion volume.

The authors hypothesized that abnormalities in CBF

regulation may cause neurodegeneration in MS by determin-

ing insufficient blood supply, with consequent neuronal dys-

function and death.2 This explanation contrasts with previous

hypotheses that attributed widespread decrease in cerebral

perfusion in MS to reduced metabolic demand due to axonal

degeneration.1 Subsequent MR imaging examinations assess-

ing the relation between WM perfusion- and diffusion-

weighted imaging did not confirm this view.1 Rather, reduced

axonal activity and astrocyte energy metabolism were sup-

posed to contribute to cerebral perfusion changes.1 A recent

work, however, found no relationship between reduced CBF

and impaired axonal mitochondrial metabolism or astrocytic

phosphocreatine metabolism.3 A reduced cortical oxygen ex-

traction fraction, independent of cortical and WM structural

tissue damage, was recently shown in patients with MS relative

to controls, even in early disease, indicating reduced oxygen

metabolism that may be due to reduced CBF.4

Marshall et al2 speculated that CVR abnormalities could be

induced by vascular habituation to high concentrations of ni-

tric oxide, a strong vasodilator, produced during chronic in-

flammatory processes. CVR, however, is determined by several

interrelated factors, including vasodilators and constrictors

derived from the endothelium, neuronal innervations, and

blood perfusion pressure. Their balanced action is influenced

by arterial blood pressure of carbon dioxide and oxygen, main

regulators of CBF. It is likely that oxidative stress and inflam-

matory pathway activation leading to endothelial dysfunction

and increased microvascular perfusion pressure due to an aug-

mented resistance in postcapillary venules with a slowness of

blood flow could contribute to overloading physiologic vaso-

regulation processes in MS.

In conclusion, cerebral blood perfusion is increasingly being

established as a sensitive indicator of widespread brain dysfunc-

tion in MS, in addition to conventional MR imaging techniques.

Its validation as an outcome measure for therapeutic trials may

even allow testing of neuroprotective treatments from the earliest

MS stages.
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