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Identifying Anatomical Connections
Structural Imaging Methods
METHODS MEASURING FUNCTION
Functional Imaging Methods
Neurophysiological Methods
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Dissociation of Function
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Associated Impairments
Dissociations as a Window on the Structure
of Cognition and on Localization of Function
Limits on the Interpretation of Dissociations

Further Thoughts on the Logic of Dissociation
u -

and Association
COMMISSUROTOMY

ITAL TEST
E SODIUM AMOBARB .
T,:lemispheric Specialization and Handedness

Use of the Sodium Amobarbital Test in th_e
Neurosurgical Management of Focal Seizures
The Testing Procedure
STUDIES OF PEOPLE WITH BEHAVIORAL AND
COGNITIVE ABNORMALITIES
STUDIES OF NORMAL PEOPLE: LATERALITY STUDIES
SUMMARY

We turn now to a consideration of the most important
methods in neuropsychology, many of which we haye

already touched on in our eayljer discussions, The datq

generated by these diverse methods are the soil out of

which fruitful hypotheses, illuminating experiments,
and novel theories are generated, It is therefore very ip-
vortant to understand the methods that are the basis
or the inferences that experiments generate, Like the
vil genie in the Jfairy tale who grants only the precise
ish requesters ask for and not the wish they think they
e making, nature answers precisely and only the
estion defined by the methodology of 4 particular -
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ANATOMICAL METHODS

ldentifying Anatomical Connections

We canidentity steuctures within the nervous Sy§=

tem in terms of their gross appearance, But in at-

tempting to understand how the brain works, 1t 1s

obviously useful to know as much as possible about

the interconnections between different steuctures,

Where a particular structure sends its efferents (out-

put) and from where it veceives its afferents (Input)

provide Hluminating hints regarding the processes

- thatitis mediating, n subsequent chapters we will

~see how useful information about anatomical con-

~ nections can be in our attempts to understand brain-
wior relationships,

One way of determining the connections between

uctures is to trace the path of large fiber tracts,

undles of newrons stretching from one area of the

‘\ ous system to another, There are, however, obvi-

ous limitations to this method; small fiber tracts will
be undetected, and the precise origin and destination
of those tracts that are visible will not be known. For-
tunately there are some highly revealing methods
that get around these problems.

TECHNIQUES USING AXOPLASMIC TRANSPORT
Axoplasmic transport is an active process whereby
substances within a neuron are moved across its
length. There are two types of axoplasmic transport.
Anterograde transport conveys materials that are syn-
thesized only in the cell body of the neuron, such as
proteins, to the axon terminal (the transmitting end of
the neuron). This process involves the storage of these
malerials in membrane-bound spherical spaces called
vesicles, which then move down the length of the
axon along microtubules (Figure 4.1). When a ra-
dioactive amino acid, such as proline, is injected into a
particular region of the brain, it is taken up by the cell
bodies of neurons in that region and then transported
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FIGURE 4.4 A pneumoencephalogram. The arrows with

asterisks indicate air in the Sylvian fissure. (From Kandel et al.,
1995, p. 73)

of the vasculature, The pneumoencephalogram, on the
other hand, attempts to circumvent the virtually ho-
Anangiogram in frontal view, The radio- mogeneous density of the brain by draining the cere-

arlery reveals bral ventricles of cerebrospinal fluid and replacing it
alarterics, (From Kandel et at, with air (Figure 4.4). This makes the ventricles less
dense than the surrounding

IGURE 4,3

aaque dye injected into the interna) enrolid
e anterior and midd]oe cerebr
995, p 73)

tissue, permittino dotan.
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Lateral ventricle

ized neuroradiology when it was introduced in the
early 1970s.

MAGNETIC RESONANCE IMAGING (MRI) This
most recent development in imaging, magnetic reso.-
nance imaging (MRI), takes advantage of certain
physical properties of hydrogen atoms, In particular,
hydrogen atoms behave Jike Spinning bar magnets in
a magnetic field, and, in a high-magnitude magnetic
field, they will line up in parallel. If radio waves are
then bounced across these atoms, the waves wil] as-
sume a characteristic pattern that is a function of the
number of atoms present, which, in turn, is a function

i sricC
lntf.:rhcm;sphcr
fissure

Caudate nucleus

putamen

Globus pallidus

lnterventricu’c’ir
foramen of Munro

Temporal lobe

Choroid plexus

Occipital lobe

FIGURE4.5 ACTscanin horizontal section passing

through the cerebral hemispheres and diencephalon.
(From Kandel et al., 1 995,p. 74)

c?f the density of the tissue. We hay
tissue density that makes possible
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ir\FI(:'}“_URE 4.6 (A) An MRI scan of a midsagittal section th

mispheres, corpus callosum, brain stem, and spinal cord
2 detail visible in the MRI scan. (From Kandel e al.. 1995 n 81
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Functional Imaging Methods
| ‘ > The
REGIONAL CERERRAL B1LOOD FLOW (rCBF)

first reliable imaging method to measare (’“f"”’::
functional activity was regional cerebral "'"nd, m,’
(rCBF). In this method a radioactive isofope 15 -
haled or injected into the blood, and its distribution i8
then measured using a bank of sensors mmn)l“"' By®*
tematically near the surface of the skull, The radioac-
tive Jabel thus is a marker for blood flow, whiclj in
turn is a correlate of brain metabolic activity. Uﬁl‘ﬂ};
this method, it is in principle possible to viﬁlm’"ﬂ'
those brain areas that are most metabolically active
during a particular activity. For example, when a sub-
ject is exposed to a visual stimulus, the occipital lobes
in the posterior cortex (site of visual processing) show
increased blood flow, Analogously, increased blood
flow is seen in the motor cortex during movement
and in the auditory cortex when a subject is exposed
to sound. A subject who is speaking shows increased
blood flow in Broca’s area, and a subject attending to
the meaning of words shows increased blood flow in
Wernicke’s area.

POSITRON EMISSION TOMOGRAPHY (PET) Rel-
ative metabolic activity in the living animal or
human can be measured by positron emission to-
mography (PET). For this reason PET has been called
In vivo functional autoradiography. One of jtg advan-
tages is that it affords great versatility with regard to
the atom or molecule being labeled,

The technology involved in PET is rather compl-
cated, but, briefly stated, an unstable radioactive
'tom such as 150 s injected into the subject. Within
he brain this atomn emits a positron, the antimatter
quivalent of an electron, The positron travels a fey
illimeters before jt loses kinetic energy and comeg
rest. When this happens, the Positron is attracte

a neighboring electron and, as they come together,
Y annihilate each other, releasing intenge energy
1 two annihilation photons, Thege two photong
ve the site of their creation iy, Opposite directjong
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“pot” is heard). This situation > s fotbym
fact that many regions of t{m bra,x;x ;nt,;é,; ,/ e
ing this task that are not directly related to word e

T Cui s s

eration per se. These might include the auditory co-
tex, Wernicke’s area, and Broca’s area, amos é o
Efforts to surmount this problem have .c;::;'-:f:r:fﬁ
the subtraction method, a method developed by FC.
Donders in the 19th century and used extensivel by
Wilhelm Wundt and other structuralist psycholosiss
mostly in reaction-time experiments, during the early
years of experimental psychology. When applied ¢,
PET studies, this method attempts to find a control
task that is identical to the task under study except
for one critical component. The record obtained dir-
ing the control task is then subtracted from that ob-
fained during the €Xperimental task. e will see
fnany examples of the yge of the subtraction method
u'l later discussjons. For example, in chapter 5 we con-
sidera p ET study that attempts to identify in humans
the Area in the occipita) cortex specializéed for color
vision, In thig study the activity levels gbtained <.
A subject vieyeq a black-ang- hite - el “h{;m
tracted from, the activity levwl i Pa_tt = wel-'e o
: €ls obtained while the

Same subject View
ed a X
Spatial configyrati color pattern with the same
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VIGUAL BTINULATION

EYES CLOSED EYES OPEN

nakes use of the fact that certain commercially avail-
ble tracers emit photons; this permits measurement
f relative metabolic activity in a manner roughly
nalogous to PET. The advantage of this method is
hat these tracers are far less expensive than the iso-
opes used in PET, which, with extremely short half-
ives, must be created in an on-site cyclotron. The
iegative characteristic of SPECT is that it has less
patial resolution than PET.

IUNCTIONAL MAGNETIC RESONANCE IMAG-

CONPLEY. SCENE

by fMRIL. This techniq
quiring injection of a
risk to the patient anc
In addition, because a
the same time as the
racy of correlation be
afforded by this meth
fMRI has higher resol

PROBLEMS IN INT
IMAGING STUDIE!
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al pa radigm

ment
structurd

the subtraction method as an expet b
in psychology, despite its prolific us¢ .)1/1 its intro-
psychologists for several decades following

duction by Donders.

To illu);trate this problem, consider the STtl:I(j:;
which we discussed earlier in the section 01 i lor
attempted to identify the area specialized for co o
perception in human subjects. Underlying the use
the subtraction method in that experiment is ﬂ?e *;5'
sumption that viewing the color pattern results in t e
same brain activity as that involved in the processing

of form in the black-and-white pattern plus activity
specific to color perception. It can be appreciated that
this may in fact not be the case; the processing of form
in the presence of color may involve brain struch{res
and brain activity very different from the processing
of form in the black-and-white condition.

A second problem in the interpretation of func-
tional imaging studies arises from the fact that the
time course of events that these methods directly
measure is slow (on the order of minutes), whereas
the neural events inferred from these direct measures
take place over milliseconds. The low time resolution
of these procedures raises the question of the extent
to which these measures are assessing relatively
long-term brain states rather than the specific corre-

lates of distinct psychological processes.
Third, despite the clear correlation between sen-
sory stimulation in a given modality and the activity
level of cortical areas initially processing that informa-
tion, an increase in the activity of an area during a com-
plex task does not necessarily mean that that area is
critical for the function in question. The change in ac-
tivity may be an indirect effect of change in some other
area or areas. This is a particularly important consid-
eration when assessing the metabolic correlates of a
relatively long-term state such as a psychiatric disor-
der. Abn.orr'nal'metabolism in a given region does not
1ecessarily indicate 'that the abnormality in that region
s the cause of the disorder. The observed abnormality
1ay instead be an epiphenomenon, a correlate of the
fects of a primary abnormality in an entirely differ-
1t area. Thus, although PET studies have provided
omising insights into the cerebral metabolic corre.-
es of psychological processes (and are likely to

even more useful in the future, as the methodology

findings using thig
. rpret
st mte

ne > jon.
is refined)” © articular cautl

method wi
cal Methods
aging methods, neurophys-
e brain electrical ac-

physiologi
ctiofﬂf’ll im

I
ntrast to .Ch measu i ' .
In co methods, whi f measuring neural e#ventg

eo G .
e advantag h higher time resolution,

ith a muc . .
with 1 methods in this section.
suc

NG Single-cell recording
dingly small diameter elec-
_ " ole neuron and then .mea suring
trode info * sHlllgS electrical potential. This resuits in
I's activity, its frequency of firing. As
e detail in later chapters, when
to sensory stimulation, we
tive field as that stimulus

Neuro

LL RECORDI

SINGLE-CE ' e
involves inserting an exc

changes in the ce
a record of the ce
we will discuss in mor
this activity is in response

define a given cell’s recep . timul
which causes the cell to fire maximally or minimally.

Single-cell recording thus measures the activity of an
individual cell at a particular time and within a par-
ticular environmental and/or behavioral context.
Although this approach has the disadvantage of
assessing only a small proportion of cells in any given
area of the brain, data derived from this method have
been enormously illuminating. To take just one exam-
ple, itis this method that revealed the presence of spe-
cialization and localization of sensory / perceptual
processing within what had traditionally been known
o ailfsoc‘:iatiog cortex, cortical areas in which such spe-
iy Tt ot oo com
cal revisions .i scovery has caused some radi-
: > noour views of cortical i
which we discugs at . processing,
greater length in chapter 5.

ELECTR
OENCEPHALOGRAPHY (EEG) The elec-

troencepha]
in the 15201 Oi?: m \PEG), invented by Hans Berger
=" Measure of brajn electrical activity

derived fro
m a bank
scalp. Since the 2 of electrodes positioned on the

tissueg between otrodes have the skull and other
ntsn:hand the brain, the signal is
ity :)2 ncollective activity of a dif-
opeup o g% EEG is a bit like
ning to i € outer wall of 4 gym-

e ﬂuctuations of volume
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FIGURE 4.8  EEG patterns during various behavioral
states in humans. (From Penfield & Jaspers, 1954 |in Kolb &
Whishaw, 1996, p. 78])

from the crowd within. This technique is useful for
the detection and localization of seizure activity in
the brain, and it has also been used to study such
phenomena as sleep and the effect of drugs on brain
activity. Some patterns of EEG activity characteristic
of specific sleep stages and levels of consciousness
are shown in Figure 4.8. Recently, there has been
growing interest in usin § computerized methods to
analyze EEG activity. These promising methods
might make it possible to better quantify and local-
ize EEG activity and ma y contribute to the further
understanding of brain-behavioy relationships,

EVENT-RELATED POTENTIALS (ERPs) Event-
related potentials (ERPs) are measurements of the
brief change in EEG activity that occurs in a particular
area of cortex affer a specific event, such as the pattern
of activity in the auditory cortex after the presentation
_}qf"a'? ton fﬁ{nvestigators have also attem pted to detect
ERPS,,‘a's‘sb»ciated with more complex and differenti-
uli, such as words and faces, Because the
"'ch stimuli is difficult to detect, due to back-
ural activity, investigators using ERPs ex-

Aosthiels in MNewropsyehology 81

P
'E" 56 3
P % s
\
4 14511
Lo ., ]

t} Pt 1 2]

An BERP in the suditpey cortes

FIGURE 4,9
to auditory atimulation (blackened areos)
positive waves and the aingle negative w
with their latericy in millisecands (ima)

pose their subjects to repeated stimmilus prosentstion:
and then compute the average response.
'l‘ypicnlly, an ERP takes the form of a series of
itive and negative waves that are designated P a
N, respectively. Different positive and negative waves
are often identified with the time in milliseconds be-
tween the onset of the stimulus and the peak’s ag
pearance (Figure 4.9). For example, a particular wave
might be designated Py5p or Ny This technique is
used clinically to assess the integrity of areas of the
brain involved in a particular sensory modatlity, such
as vision. For example, the response of brain areas in-
volved in vision to a tlashing light might be assessed.
When used in this way, this method is sometimes re-

ferred to as evoked potential.

ELECTROCORTICOGRAPHY (ECo) Electrocorti-
cography (ECo) involves stimulating the exposed
cortex of a patient during surgery with a low-voltage
electrode. This is essentially a refinement of the pro-
cedure utilized by Fritsch and Hitzig in their discov-
ery of the motor cortex in dogs in 1870. The American
surgeon R. Bartholow first teported its use with hu-
mans in 1874, but the earljest systematic use of this
procedure as a method for understanding brain-
behavior relationships was the work of Wilder Pen-
field and his colleagues at the Montreal Neurological
Institute. They used the procedure to identify specific
areas of the cortex by assessing the functional effect
of stimulation. This was necessary to allow Penfield
to carry out a specially developed neurosurgical
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staries of modern clinical pharm‘&f@i(’?w unable 1@
nately, however, about 20% U‘ pa ”FH tﬁ:
achieve good control of their WLZ;‘ I;{ ~dications-
many years of trials on all available -izures each
These patients may have 30 or mom‘%“ f their life
day, severel y compromising the quajixt} <o
and perhaps even being [ife—fhreatemftg_- _ificant
Of those patients who cannot achieve Z‘lj‘ benefit
help from available medications, about h_ Penfield.
from the surgical procedure developed by Per P
These are patients whose seizure focus v(area that
which the seizures originate) is in an area Of.mm( : m_
can be surgically removed without produdng an m‘;
pairment worse than the seizure disorder. (Removing
tissue from one of the language areas would, for exam-
ple, produce such an impairment.) The 50% Sk of
patients with pharmacologically intractable epdegs:“
who do not benefit from this procedure are those s
a seizure focus in one of the functionally critical corti-
cal areas or those with seizures that originate in the
brain stem. Using a range of refined assessment tech-
niques (including electroencephalography, various ra-
liological and other imaging methods, and neuropsy-
rhological assessment), it is possible to determine
hether a particular patient has a cortical seizure focus
1d, if so, where in the cortex it is located.
Once it is determined that a candidate for this pro-
dure has seizures that originate from 2 cortical
-us and once the location of that focus is identified,
 patient is brought to Surgery to remove the epilep-
enic (seizure-causing) area, When the corte is ex-
ed, however, the surgeon does not see the neat
tidy pattern of sulci and gyrj h’picall_\: depicteg
“uroanatomy textbooks. Instead W A
ich Vascu’la tu.re and membrapne that overlje the
X, renden_ng Its pattern Uunrecognizahja to ey
0st experxe.nced Neurosurgeop, Itis at
cortical stimulation becomes indispe
it, the surgeon can identify sensory, nsable,
1ge areas based on the gt ., - OMOL ang
5 Patient’s Tes

ition. The patient must be 4, e Ponse 4,
to artic
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f -eek forward, corrected after withdrawal
the davs of the week forward, ,
' N ' W R J
of electrode. (From Rasmussen & Milner, 1975, p, 241)

in this procedure; the procedure is therefore pers
formed under local anesthetic, Thus, if thoe surgeon’s
stimulating electrode elicits feeling in the arm, it may
be inferred that the Sensory cortex is being stimy-
lated. Similarly, if a patient responds with a twiteh of
the hand, this identifies the motor cortex as the area
of stimulation, Language arcas can also be mapped
out because stimulation o cither will interrup!
P bt in progress (Figure 4,1
m;éﬂ!ng this technique, the
fn cji ;;2?;221:;:}t:(“mrt?cal surf, acc.! and ll.wrcb'y
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wHl have monre 1oosay alvonst 1his s other work waing
thix h"i'hni("”l‘ in !al!'\!ui‘lli]p"[ (‘h',"‘“.ls;

MAGNETOENTEPHALOGRAPITY (MEG)Y A pew
technigue, magnetoencephalography (MEG), alsn
called magnetic souree Imaging, measures the spall
magnetic Helds generatod by the electrical currents
ol nevrons, This technique Appears o be promising,

In closing this section, we should note that ad-
vances in our nmhwlmndin,; are most likely (o bhe
achieved throuph a combination of structural meth-
ods and functional methods, For example, those in-
vestigators using functional imaging methods (e,
OBE PET, IMRD are Keenly aware of the need to more
precisely localize arcas of modified activity, This can
be achieved by using concurrent measures of struce-
ture, such as MRL In addition, these same investiga-
tors, aware of the problems inherent in the slow time
course of their functional imaging techniques, are at-
tempting to surmount this problem by using concur-
rent electrophysiological measures that have relatively
rapid time resolution, such as EEG and MEG.

- LESION METHODS

We have already seen how illuminating the study of
the behavioral and cognitive effects of brain le-
sions—damage to the brain from whatever cause—
can be for an understanding of how the brain works,
The basic strategy in lesion studies with humans and
with other animals is the same: the investigation of
the effect of damage to a particular area. In lesion
studies with lower animals, however, investigators
can study the effects of precisely localized lesions.

This allows for the explicit testing of hypotheses. In
contrast, lesion studies in humans necessari ly con-
cern themselves with the effect of lesions that have
already occurred through disease or trauma,

- Despite this disadvantage, studies of lesions in hu-
mans have the advan tage of allowing the assessment
of functions that are specifically human or at least
no l‘Y’e_loped in humans, such as language, prob-
ing, and Planning, In addition, the effects of
in humans are sometimes more discern| ble be-
atients may be able to provide a phenomeno-

83

Methors in Nearopsychology

Tagieal account of their altered experience. Th!“."} is
potgnantly seen in a case study described by Oti‘s'-xer
Sacka® of 4 painter with ac hromatepsia, color blind-
ness due to cartical lesion, Sacka’s patient complained

hromatic waorld. Interast-

despairingly about his ae _
ingly, because wavelength discrimination is retained
¥ 3

£4 4
fhicutt to

in achromatapsia, the condition waould be

specif

detect in other animala Unleas some

pacity

tact wavelength discrimination cap
be unable to tell us about catastrophic change ;

experience of color.

Dissociation of Function

There are two fundamental (and related; w
which lesion methods (and other neurcps
methods, for that matter) further our knowledoe: |
advancing analysis of the components of
and by providing evidence of localization of function.
To explain, we must elaborate on a concept we have
already mentioned: dissociation of function. This
concept has at least two meanings. On the beha-
vioral/cognitive level (knowing nothing about the
particular lesion involved) dissociation of function
denotes the finding that performance on one task is
impaired while performance on a second is not. It is
in this sense that functions or processes are said to be
dissociable, or separable. This dissociation of fune-
tion may be reciprocal: In some individuals function
A s found to be impaired and B is not, whereas in
other cases function B is impaired and A is not. On
the other hand, it may not be reciprocal: In some in-
stances function A is found to be impaired and B is
not, but in no cases is impairment in function B seen

S

1. Oliver Sacks is a neu rologist who has become widely
known for his well-written case studies of patients with
striking neurological and neuropsychological symptoms.
e writes in a powerfully descriptive style that poignantly
conveys a vivid impression of the disorders he studies. In
addition, he possesses a broadly humanistic perspective
from which he attempts to address all facets of neuropsy-
chological impairment and to draw implications from these
disorders for an understanding of the human condition in
general. : :
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FIGURE 4.11 Patterns of impairment in (A) double dis-
seciation and (B) single dissociation. Each line depicts. (h%‘
pattern of performance of one individual or group of indi-
viduals. (From McCarthy & Warrington, 1990, p.19)

without impairment in function A. The first instance
Is referred to as double dissociation, and the second
as single dissociation (Figure 4.11),
To take a simple example, deafness ang blindnesg
are doubly dissociable. Looking at 5 Number of gjf.
ferent cases, we fing instances of One impairmen; in
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CHAPTER 4

and fluent but disrupted verbal output (“waord salad”)
occur together in Wernicke’s aphasia, This fact sug-
gests that the distuption of g single underlying process
is responsible for both impairments,

Dissociations as a Window on the Structure
of Cognition and on Localization of Function

So far we have been talking as if we knew nothing,
about the lesions producing the impairments we are
studying. This is often in fact the case, as, for exam-
ple, in the study of children witly dyslexia. It can be
seen that if dissociations are found, we are in a posi-
tion to understand something new about the nature
of cognition, whether or not we know anything new
about localization of function. In this way these
methods contribute to an understanding of cogni-
tion, without necessarily revealing the regions of the
brain mediating these processes. If we do have
knowledge of the area in the brain that, when dam-
aged, produces the impairment in question, this adds
an additional dimension to our inquiry. Not only do
we have the basis for making inferences about the
structure of cognition, we also are in a position to say
something about what parts of the brain are neces-
sary for the mediation of certain functions. Dissocia-
tion that is informative in the context of localization
of function takes one of two general forms. In single
dissociation, a lesion in region X produces an impair-
ment on task A but not task B, whereas a lesion in re-
gion Y does not produce an impairment in either
task. In double dissociation, a lesion in region X pro-
duces impairment in task A but not impairment in
task B, and a lesion in region Y produces impairment
in task B but not task A.2 Figure 4.12 illustrates these
two forms of dissociation.

The finding of a single or a double dissociation is
highly informative. It tells us that a particular ob-
served impairment resulting from a specific lesion is
not due to generalized, nonspecific brain dysfunc-

—_—

2. An example of double dissociation is the finding that

Tight parietal-lobe lesions produce impairment in spatial
Processing but not nonverbal memory, whereas right
temporal-lobe lesions produce impairment in nonverbal

_memory but not spatial processing.

Methoeds in Nearopsychology

(A) Single Dissoctation

& Not - 5
E\:g impaired Subject(s)

?; with lesion Y

‘e

5]

el Subject(s)

g with lesion X
E‘_é‘ Severely

< impaired

fask B

fask A

(B) Double Dissociation

«~ Not .

& impaired

'E' Subject(s)

= with lesion X

E

o

¥ bject(s)

8 Subject(s

E with lesion Y

S .

% Severely

= impaired

Task A Task B

FIGURE 4.12  (A) Single dissociation and (B) double

dissociation used to infer which cerebral areas are involve
in the mediation of particular functions. (Fron McCarthy &
Warrington, 1990, p. 19)

tion because the second lesion in another locatio
does not produce the impairment. It also tells us th.
the lesion in question does not produce impairme;
in all tasks because relatively good performance
seen in the second task. Taken together, such findin;
provide important information about the relatio
ship between particular brain regions and speci!
functions. It should be noted that a dissociation do
Not require completely normal performance on c
tain tasks. What is central to this method is the p:
tern of relative preservation and relative impairme;

Limits on the Interpretation of Dissociation:

As with all scientific methodology, however, |
process of making inferences from lesion data m
be conducted with extreme care. The presence ¢
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Lo limie the Spreacd ,.;f
heres and thepely., e
; duce ; i o
: This surgery, which began to pe

' gqucted in the 19(‘705. (although
| vad received a similar proce

regularly
a4 Number of p

: dure in the 1
ﬁ,rded the opportunity to study the

fonally separating the two hemisp
ﬁ—ﬁmdional separation” is an overst
there are significant fiber tracts in

con-
atients
930s), af-
effects of func-
heres. A ctually,
atement becy u,’;e
addition to the

g cor-
,us callosum that transmit certain types of infor

o bd -~ ma-
tion between the two hemispheres. Nevertheless, this

rocedure radically reduces the neura] connections
between the hemispheres and thereby affords the op-
portunity to investigate what each hemisphere is
able to do in relative isolation.

Roger Sperry and his colleagues pioneered this
work in the 1960s, and since then many Investigators
have conducted similar work. In the 1950s Sperry
and Myers had conducted extensive work along
these lines with other animals. By cutting the corpus
callosum and the optic chiasm (not cut in human pa-

tients) in cats, Sperry and Myers showed that each
hemisphere functioned independently on certain
tasks. In the intact animal, input to one eye would be
projected to both hemispheres because some of the
fibers in the optic nerve would cross over to the con-
tralateral hemisphere at the optic chiasm while oth-
- ers continued on to the ipsilateral hemisphere. Cut-
ting the optic chiasm, the point where some of the
fibers in the optic nerve cross over to the other side
~ of the brain, confined input to one eye to the ipsilat-
eral hemisphere. If such an animal also has a corpus
~ callosum section, the functioning of each hemisphere
~ “@nbe tested by confining input to one eye.
£ USlng this paradigm, Sperry and M-yers were abl‘e
to assess the independent functioning of the two h.enui
Spheres, For example, if one eye is covered, an amm:f
: Wﬂi’ﬁiSéCtion of the corpus callosum is able to lcarl\rg
Isual discrimination (e.g., the peanut is undef tl,u.l L :]m
: s ontal stripes). Then, if the covered c}rcﬂlb) i
'v‘nd the eye that had been exposed to the

fethords i Meuropsychology 87

S0ial Abic i punt ’ 3 i § ihecy ok
R discrimination learning, task is covered, the inves
tioratrnvs 8 : 2 . "

HEAtors showed that the animal demonstrated no

fearning and cepnsd f1aa80e § bt £} e Wi
R anG could actualily be taught the oppostie vi
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stal disc rimination. Thus, the two hemb
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findings showed that after cectioning of |
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losum, tearning and other o

be confined to orie cerebr
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The potential usefulness of

source of information about hemis
tion in humans would seem to be obvious. Fesea
with humans presented
however. In particular, 2s h

mans the optic chiasm w

=5

the way the eye and the brain are hoo
that we will consider in :
input from each eye projecis to
Therefore, confining input to on
as simple as covering one eve.
confining input to one visual fie
sual field (left or right) projects to the contralat
hemisphere. In free vision such restriction is impos-
sible because the movement of the head and eve en-
sures that a visual stimulus in a specific location in
space will, in a brief period of time, appear in both
the left and right visual felds.

These and other difficulties in confining sensory
input to one hemisphere probably account for the fact
that an earlier investigation of a series of patients who
had undergone commissurotomy, carried out by the
neurosurgeon Akelaitis in the 1930s, failed to vield
evidence of behavioral deficits. This prompted some
to suggest, not without a dash of humor, that this
massive fiber bundle comprising 100 million axons
merely served the structural function of mechanically
keeping the two hemispheres from falling apart.

However, when commissurotomy again began to
be used for therapeutic purposes in the 1960s, the
prior work of Sperry and Myers with animals made
it clear that some effects should be detectable. Based
on this earlier work, Sperry and his colleagues were
able to use techniques that would make these pa-
tients a highly fruitful source of insight into hemi-
spheric specialization. For example, to restrict visual
stimuli to one hemisphere, patients were exposed to

eral
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From Milner, Branch, & Rasmussen, 1964 (in McCarthy
& Warrington, 1990, p. 8) “

It turns out that commissurotomy patients do
priefly experience something like this, although,
thankfully, generally with less melodrama. A patient
may find herself in a state of indecision as to what to
wear as she selects one dress with her left hand and
a different one with her right. Interestingly, this com-
petition or incongruity is of brief duration, disap-
pearing shortly after surgery. It is unclear how this
happens. It may be that other interhemispheric con-

nections mediate a high level of emotional and moti-
vational coordination between the two hemispheres.
Inaddition, to the extent that they remain indepen-
dent, the two hemispheres must be like two individ-
uals in an intimate relationship who, though sepa-
rate, yet are highly sensitive to one another and

modify their behavior accordingly.

THE SODIUM AMOBARBITAL TEST

The sodium amobarbital test, which has emerged out
of the surgery for the relief of seizures that we have
already discussed in some detail, creates a transient
and reversible inactivation of one cerebral hemi-
Sphere. To explain its use, a brief digression is neces-

Sary.Up to this point we have been talking as if all per-

Sons had speech represented in the left hemisphere

and Spatial and other nonverbal functions in the right

'h,em_isphere. We already alluded to the fact that this is

An OV‘?rSimplification, and our consideration of the
| :sqqigf_ﬂlil_ﬁ,r_llflobarbital test provides a useful context to
| eXplamt}us further.

From McCarthy & Warrington, 1990, p. 6

Hemispheric Specialization and Handedness

For right-handed individuals the assumption we have
made is true in about 98% of cases. For left-handers the
situation is different. About 70% of them have speech in
the left hemisphere, as do the vast majority of right-
handers. However, 15% have speech in the right
hemisphere, and 15% have speech represented in both
hemispheres (Table 4.1). These findings could be (and
have been) inferred from the study of the relationship
between side of cerebral lesion and onset of aphasia in
right- and left-handers (Table 4.2). However, the sodium
amobarbital test provides a more direct method of as-
sessing this relationship, one that can be used to make

this determination in people who are not aphasic.

Use of the Sodium Amobarbital Test in the
Neurosurgical Management of Focal Seizures

Surgery for the relief of seizures involves the removal
of an area of cortex that has been judged to be the ori-
gin of the seizures in a particular patient. It is critical
that the surgeon not inflict an aphasia, a more debili-
tating disorder than the seizure disorder. The sur-
geon must know with the highest degree of certainty
possible whether the area to be removed lies within
the language hemisphere. If it does, then extreme
care must be taken to avoid damage to the language
areas. In contrast, if it is known that the area to be
removed lies in the nonlanguage hemisphere, the
surgeon can be less conservative in the removal
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