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Summary

In this study the use of functional MRI (fMRI) for measuring
language lateralization non-invasively was examined. The
subjects were seven patients with histories of temporal lobe
epilepsy who had undergone Wada testing for pre-surgical
evaluation. Four patients were left-hemisphere-dominant and
three were right-hemisphere-dominant for language. They
received fMRI scans while they made semantic or perceptual
Jjudgments about visually presented words. Regions of the
inferior frontal gyrus (pars triangularis and pars orbitalis)
and neighbouring orbital cortex, corresponding to portions
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of Brodmann areas 45, 46 and 47, exhibited significant
increases in activation during semantic relative to perceptual
Judgments. Lateralization of the increases in activation were
consistent with the Wada test assessments of hemispheric
language dominance in each of the seven patients. These
results suggest that, in addition to providing a tool for
investigating human cognitive processes, fMRI has significant
clinical potential as a non-invasive measure of language
lateralization.
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Introduction

The intra-arterial administration of sodium amobarbital is a
procedure first described by Wada (1949) and Wada and
Rasmussen (1960) for anaesthetizing cerebral hemispheres
for the purpose of lateralizing language functions. The vast
majority of epilepsy surgery programmes now routinely use
the intra-arterial amobarbital procedure, or Wada test, in
patients who are candidates for surgical resections of their
epileptic foci. Hemispheric dominance for language can be
inferred by observing the degree of disruption of language
production and comprehension after anaesthetizing each
hemisphere. This information is important for surgical
planning and can determine whether additional functional
mapping (i.e. cortical stimulation) is necessary to avoid
resecting eloquent cortex.

Despite its usefulness, Wada testing has several major
drawbacks: (1) the intracarotid catheterization carries a
morbidity risk as high as 5% (Rausch et al., 1993); (ii) many
patients find the paralysis and speech arrest induced by the
procedure to be distressing; (iii) it is expensive; (iv) it
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provides information about fanguage lateralization but cannot
localize speech or other primary language functions. The
recent development of fMRI techniques for measuring brain
activation can be seen as a significant step toward replacing
the Wada test with a procedure that is noninvasive,
considerably less risky and unpleasant for the patient, at least
an order of magnitude less expensive, and more informative
with respect to localization. These fMRI techniques are based
on changes in regional blood flow that occur in response to
neuronal activity. Local increases in neuronal activity lead
to greater blood flow to the cortical tissue parenchyma
(Belliveau er al., 1991). The blood arriving in the activated
region contains a higher proportion of diamagnetic
oxyhaemoglobin and a lower proportion of paramagnetic
deoxyhaemoglobin compared with non-activated regions. The
subtle blood-oxygen-level-dependent differences in magnetic
state results in a larger T,* signal from the activated region
(Ogawa et al., 1990).

In order to infer whether fMRI-derived activation is related






