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Neuropsychological Functioning and
Brain Imaging
Concluding Remarks and Synthesis

ERIN D. BIGLER, RONALD A. YEO, and ERIC TURKHEIMER

As reviewed in this text. tremendous progress has been made over the past 15 years in the
development of brain-imaging weehniques and our ability to link imaging data with important
aspects of hehavior. These advances have had a great impact on both theoretical and clinical
issues i the neurosciences and have preatly refined neurological diagnostics. as has been dis-
cussed by Rutledge (Chapter 2). Likewise. the greater specificity and precision of currenl brain-
imaging techniques have provided a more complete paradigm for the study of the neurological
patient in which the effects of focal. lateralized. andror generalized neurological damageidysfunc-
tion can be compured with neuropsychological function. Much past research in cognitive neuro-
science had been hampered by the inability to study simultaneously anatomy and pathology of the
brain and function. As the current generation of research unfolds, we have to rethink our under-
standing of the brain and its relationship to cogaition and neuropsychological function. For ex-
ample. as pointed out by Knopman. Selnes. and Rubens (Chapter 5), the language system of the
brain may not be as localized as was onee thought, and Haaland and Yeo (Chapter 8) make similar
statements about motor control in their attempt o elucidate the complex factors that are involved
in motor function.

A central theme of this volume is the difficulty in drawing valid structure—function relation-
ships. a difficulty that, as Turkheimer (Chapter 3) points out. reflects conceptual as well as tech-
nological issucs. Because of the unique development of each human brain atong with the diversity
of functional neural systems and pathways. a clinically distinet syndrome may result from several
lesion sites, rendering specification of component processes and their neuroanatomic loci difficult
indeed . Furthermore, there are major technical problems in determining the exact locus and extent
of brain damage. For example. the physiological changes associated with structural brain abnor-
malities identiticd by CT or MRI may fur exceed the boundaries of the structural deficit (see
Figure 1). Pawlik and Heiss (Chapter 4) clegantly demonstrate this point in their chapter and
suggest that the rigid framework of precise localization theory simply is not tenable in many brain
disorders. One clear example of this is their PET work in normal subjects performing the Wis-
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FIGURE 1. X-ray computed tomog-
raphy {(CT) and Auorodeoxyglucose
images from paticnts with focul and
diffuse forms of epilepsy studied ic-
tally or interictally. The first paticnt
(A) has a normal x-ray CT and hy-
pometabolism in the lelt frontal,
temporal, and oceipital cortices (ar-
rows). The sccond patient (B}, who
had partial complex seizures, has a
normal x-ray CT and diffuse hypo-
metabolism in the right temporal
cortex (arrow). The third paticnt (C)
had nght focal motor seizures ac-
companicd by a hypermetabalic fo-
cus on the ictal study; the x-ray CT is normal. but air in the ventricles from a previous pneumoencephalogram
twhich was also normal) is evident. The fourth paticnt (D} has left hemiatrophy (arrow) and diffuse hyper-
metabolism on the ictal study, and the fifth patient (E) has a normal x-ray CT and several hypermetabolic foci
on the ictal study (from Engel, Brown, & Kuhl. 1982, reproduced by permission). These metabolic studies
demonstrate the potential lack of relationship between what appears 1o be a structurally *normal™ brain and
distinetly abnormal physiological functioning. Such studies underscore the need to integrate structural. meta-
bolie/physiologicul, and cognitive function in the neuropsychotogy of bran disorders.

consin Card-Sorting Test. which has a long tradition in clinical neuropsychology as a test of
frontal lobe function (Lezak, 1983). However, PET studies demonstrate whole-brain activation in
a rather uniform fashion, not just the frontal Tobes. Such brain-imaging studies indicate the need
for reevaluation of traditional neuropsychological assessment techniques that aim to localize dys-
function and their implications for brain impairment.

Brain imaging and neuropsychological studies have had a profound impact on our under-
standing of the neurological mechanisms in emotional control and. by implication. our under-
standing of psychopathology. Because of the complexity of human emotional expression. it has
been anticipated that the unraveling of reuromechanisms in regulating emotion likewise will be
complex. Accordingly, Cullum (Chapter 10) demonstrated the difficulty of models positing a
simple lesion-localization relationship in emotional control. Rather, emaotional dysregulation in
neurological disease or disorder occurs in a multifaceted fashion associated with numerous brain
lesion sites. Neuropsychiatric disorders present a similar picture. As pointed out by Raz (Chapter
9). there arc a number of anatomic brain abnormalities present in the major psychoses. It is
interesting to take a historical perspective on this. as it was not too long ago that clinicians and
researchers considered the neurobiological component relatively insignificant.

Neurpimaging rescarch has helped to overcome an excessive concern regarding the distine-
tion between “‘organic’’ paticnts (who were thought truly to have **structural brain damage™) and
“functional™ patients (who were thought to have only an “‘emotional™ illness or disorder that
had no neurobiological basis). Goldstein (1986) reviews the history of this particular distinction
between ““organic™” and the so-called “*functional’™ schizophrenic patients. In the late 1960s and
early 1970s. when clinical neuropsychology began more completely to address this problem of
distinguishing between patients with ““real brain damage™ and those with just “schizophrenic
illness,” the studies indicated that the groups really could not be separated by neuropsychological
testing. We now realize, in retrospect. that the reason the “'schizophrenic group™ could not be
separated from the “‘organic group™ was that the schizophrenic group in fact had underlying
neurological deficits, as reviewed by Raz (Chapter 9). This issuc could not have been clarified
without the brain-imaging technology of today (Kelsoe, Cadet, Pickar, & Weinberger. [988). It


















