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Abstract

There are dramatic changes in the electroencephalogram of the inactivated hemisphere in the intracarotid sodium
amobarbital test. One of the more profound behavioral changes during this procedure is left hemispatial neglect
accompanying right hemisphere inactivation. The present study was designed to ascertain whether there was a clear
relationship between the degree of hemispheric inactivation (as measured by the electroencephalogram) and the
degree of left hemispatial neglect during this procedure. Sixty-nine participants undergoing right hemisphere
intracarotid sodium amobarbital testing were presented with a random letter cancellation test at various points

during the procedure. Neglect was quantifiedsemificant moderate minimal or nong based on how many target

letters the patients missed. The simultaneous electroencephalogram from each of these testing points was spectrally
analyzed and topographic maps were generated. The degree of neglect was then compared with the comparable
topographic map. It was found that as the amobarbital-induced right hemispheric dysfunction regressed, the degree
of neglect lessened in a systematic fashion, as did the profound electroencephalographic changes induced by the
drug. Thus, there is a clear relation between the degree of hemispheric inactivation induced by the amobarbital and
the degree of left hemispatial neglect. This relationship held regardless of side of hemispheric language dominance
or epileptic focus. These results replicate previous findings that right hemisphere inactivation during the intracarotid
sodium amobarbital test results in left hemispatial neglect. They extend these findings by clearly showing that
neglect changes in a quantitative fashion (rather than being an all-or-none phenomenon) and further, show that
there is a clear relationship between the severity of neglect and the degree of hemispheric dysfuhs®n. (

1998,4, 99-105.)
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INTRODUCTION including parietal (Denny-Brown & Chambers, 1958) and
frontal lobes (Heilman & Valenstein, 1972), insula (Berthier
Neglect of contralate_ral perspnal or extraperspnal space | al., 1987), internal capsule (Ferro & Kertesz, 1984),
usua}lly assoqated with (fand IS more profqund In) lesions o asal ganglia (Healton et al., 1982), and thalamus (Watson
the right hemisphere (Heilman et al., 1993; Mesulam, 1981)& Heilman, 1979). In order to relate these various types of

Anumber of different behavioral types of neglect may beerheglect and the multiple lesion sites capable of producing

seen, including sensory—perceptual, motor—intentional, mothem, a number of authors have postulated the existence of

tlvatloqal, e.tc. I_n an ar?alogous'fashlon, a numberlof dlffgr- widely distributed network for spatially distributed atten-
entlesion sites in the right hemisphere have been identifie ion (Heilman et al., 1993; Mesulam, 1985, 1990).
The intracarotid sodium amobarbital (ISA) or Wada test
) _is performed in patients for whom surgical intervention is
Reprint requests to: Geoffrey Ahern, Department of Neurology, Uni-

versity of Arizona Health Sciences Center, 1501 North CampbellAvenue”’]d'cated to treat med|cally intractable epllepsy (Lonng

Tucson, AZ 85724, USA. E-mail: gahern@u.arizona.edu. et al., 1992; Wada & Rasmussen, 1960). The goal of this
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procedure is to evaluate language dominance and memotfie participant pool. Pertinent demographic characteristics
performance prior to surgery. Sequential and transient inwere: mean age= 32.7 years (range: 13—65); 34 m3é
activation of each hemisphere is accompliskiednfusion = female; 55 right-handed 3 left-handedl ambidextrous.
of sodium amobarbital into the internal carotid artery (ICA). Language dominance for any particular patient was deter-
A number of studies have examined neglect /amde-  mined based upon the presence (during the ISAs) of such
lated phenomena during the ISA. Meador et al. (1988) foundactors as speech arrestimmediately following injection, ab-
that on both single and double simultaneous stimulatiomormal performance on tasks of comprehension, repetition,
tasks, tactile inattention and extinction occurred more fre-and naming, and the presence of semantigariieral para-
quently during right ISA. They also found evidence of al- phasic errors. Fifty-seven patients were unequivocally left-
lochiria during right ISA (i.e., left-sided touches eliciting dominant for language, while 3 were clearly right-dominant;
right-sided responses), but not during left ISA. Spiers et alof the remaining 9 patients, 3 were left right, 4 were
(1990) documented a disturbance of visuomotor scanningght > left, and 2 were equally dominant for language. (Pa-
on a random letter cancellation test (RLCT), characterizedients were not excluded for being non-left-hemisphere dom-
by contralateral neglect during right, but not left, hemi- inant for language, as all patients showed left hemispatial
spheric inactivation. This relationship held not only for right- neglect regardless of language dominance. Furthermore, the
handed patients with left hemisphere language dominancstudy of Spiers et al. (1990) suggested that left hemispatial
but for left-handed patients and right hemisphere languageeglect occurred during the right ISA regardless of lan-
dominant patients as well; side of epileptic focus was alsguage dominance.) Thirty-three patients had epileptic foci
found not to affect the results. The electroencephalogramand/or lesions in the left hemisphere, 35 in the right hemi-
(EEG) was recorded during these ISAs. It was subsequentlgphere, and 1 had bilateral pathology.
scored visually. It was found that the left hemispatial ne-
glect correlated most strongly with slowing in the right fron-
tal lobe. Manoach et al. (1996) found that while 10 of 16Procedures

participants demonstrated left hemispatial neglect on th
RLCT, only 1 of 16 showed left neglect of a remembered(?m‘ormed consent for the ISA and all procedures performed

. . : therein was obtained from each patient. All patients had ar-
scene (a familiar room in their house). Thus, they con-_ . : . .
teriograms prior to the ISA. Sodium amobarbital was in-

cluded that. ISAjmduced neglect of visuomotor Scannm‘g‘jected into the ICA by slow hand injection, the average dose
could be dissociated from neglect for mental representa;

tions. They suggested that this might be due to a great for the right hemisphere ISA being 114.3 mg (range: 60—

) . o . 00). Injection order varied between participants, as the usual
degree of hemispheric inactivation in anterior (as compare .
: . . case was to perform the ISA on the abnormal hemisphere
to posterior) regions during the ISA. . . S . .
. first. In 39 participants, the injection order was right hemi-
One goal of the present study was to determine whether . RN
. . . . sphere followed by left hemisphere. These injections were
the degree of left hemispatial neglect seen during the ngh% . L
. . i . Separated by a period of not less than 30 min in order to
ISA changed over time, in accordance with decreasing amo- . TR
: : allow the amobarbital from the first injection to be cleared
barbital effect, or whether this was an all-or-none phenomicrom the svstem
enon. Another goal was to extend the work of Spiers et al. y '
(1990) through the utilization of EEG spectral analysis and
topographic mapping. The EEG analysis performed thereilgandom Letter Cancellation Test
was based on bipolar montages, which might have under-
estimated the degree of change in the EEG during the ISA&igure 1 shows the random letter cancellation test used with
because of common mode rejection between adjacent eleall participants. This measured 2418.5 cm and consisted
trode pairs. If this were the case, then the correlation®f 36 target letters (“A”) and 96 distractor letters (“B,” “H,”
between the degree of neglect and the EEG might also urfK,” “R”) randomly distributed throughout the field, but with
derestimate the true relation(s). Prior work by the currenta general symmetry in each of the four quadrants. During
group (Ahern et al., 1994, 1995) had described the protesting, this form was held in front of the patient’s face at
found changes that occur in the EEG following induction ofarm’s length (approximately 36 cm) and was moved as nec-
hemispheric anesthesia during the ISA. We wanted to asssary to keep it centered with respect to the participant’s
certain whether these changes correlated with the degree nbse. The patients were instructed to point (with the right
left hemispatial neglect (were the latter to be a quantitativehand) to as many “A”s as they could find. This generally
phenomenon). took 30 s or less to do. They were allowed to continue as
long as they were making progress in the horizontal plane;
if the patient got “stuck,” that is, kept pointing to targets in
the same zone, the test was discontinued. The initial pre-
sentation of the test was performed during the early phase
of the right hemisphere ISA, generally within the first 2 to
Sixty-nine consecutive patients undergoing the ISA proce4 min. (Even patients who became aphasic during right ISA,
dure in whom the EEG was acquired and stored, constitutediere able to be tested within this time window, as receptive
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Fig. 1. The random letter cancellation test used in the current study. Superimposed on this are colored arrows denoting
the visuospatial extent of target letter “A”s detected under varying conditions of neglect. The blue arrow reflects the
normal (or no neglect) condition, in which patients detect targets in all quadrants and furthermore, scan from left to
right. The red arrow denotesgnificantleft hemispatial neglect; patients acquire targets only in the rigBiof space
(neglecting the left 23), and furthermore, scan from right to left. The yellow arrow denotederatdeft hemispatial

neglect; patients acquire targets only in the rigl8 &f space (neglecting the leff3). The green arrow denotesin-

imal left hemispatial neglect; patients neglect targets only in the extreme left side of the page, but still scan from right
to left.

language had recovered enough that they were able to fothe preceding angiogram suggesting that the right posterior
low the instructions.) When possible, a second and possiblgerebral artery territory was filled from the ICA).

even, third or fourth, presentation was made later on. The Each patient’s ISA videotape was reviewed and the de-
test was not presented if there was clinical evidence of agree of neglect (and the time of any particular trial) was

actual left visual field cut (anticipated based on data fromquantified in the following way. A normal performance was

Fig. 2. (facing pagé Differing degrees of neglect and the corresponding EEG topographic maps occurring during the
right hemisphere ISA. Parts of the random letter cancellation test (top) colored blue reflect areas in which targets are
accurately perceived. Zones colored red, yellow, and green reflect areas neglected under condsiigmicaint
moderate andminimal hemispatial neglect, respectively. Below each schematic cancellation test are the EEG topo-
graphic maps reflecting the degree of hemispheric inactivation at that time. At the far left are the EEG frequency bands:
Delta, Theta, Alpha, Beta 1, and Beta 2. At the far right is the amplitude scale for the delta band (2By-&60d the

other bands (25-4QV); brighter colors (red and yellow) denote greater amplitudes in any particular frequency band
(i.e., reflecting greater hemispheric inactivation). It can be seen that over time (scale at bottom) the degree of left
hemispatial neglect decreases in a fashion paralleling the decreasing electrophysiological effects of the amobarbital
injection. Number of observations for each conditibaseling n = 68; significant neglegtn = 34; moderate neglect

n = 24; minimal neglectn = 36; andno neglectn = 47.
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characterized by the patient pointing to the “A”s starting innormalization.) To ensure stability of the spectral estimates,
the far left margin (usually in the upper left corner). Usu- 2-min periods were analyzed (except for the baselines, which
ally, left hemispatial neglect was characterized by the patientvere generally 1 min long). Spectral analysis via fast Fou-
beginning in the far upper right corner and then proceedingier transform was performed on these data and spectral den-
either leftward andor downward (to varying degrees, de- sities were calculated for the following bands: Delta (1.5—
pending on the individual). At some point, they would cease3.5 Hz), Theta (4.0-7.5 Hz), Alpha (8.0-13.0 Hz), Beta 1
moving leftward, and the test was discontinued. It was thig13.5-20.0 Hz), and Beta 2 (20.5-31.0 Hz).
leftward-most movement that was scored for that particular
trial for that patient. (Ipsilesional, i.e., right hemispatial, Ne-BESULTS
glect was never observed.) The RLCT was arbitrarily di-
vided into thirds and the patient’s neglect was characterizeds described above, each patient’s videotape was reviewed
as follows: (1)significant explores the right A3 of space, and the performance on each presentation of the cancella-
neglecting the left 23 of the page; (2)noderate explores  tion test was classified as belonging to one of the aforemen-
the right 23 of space, neglecting the leff3 of the page; tioned groups; the time of each performance was also
(3) minimal: although the patient moves to (or almost to) recorded. Forty-two patients were tested twice during their
the left margin of the page, they begin on the right side ofright hemisphere ISA, while 11 were tested once, 15 were
the page and move leftward; or (dpne(normal): the pa- tested three times, and 1 was tested four times. Cancellation
tient starts at the left margin of the cancellation test andest performances were grouped according to whether they
moves rightward. These performance types are depicted weresignificant(n obs= 34), moderatgn obs= 24), min-
Figure 1, in which thenormal(and/or no neglect pattern) is imal (n obs= 36), ornormal i.e.,no neglec{n obs= 47).
shown by the blue arrow, whilsignificant moderateand  The EEGs from the particular epoch during which each per-
minimaldegrees of neglect are depicted by the red, yellowformance occurred were then averaged.
and green arrows, respectively. These data are presented in Figure 2, which shows the
degree of neglect graphically at the top, then the correspond-
ing EEG maps for each of the EEG bandwidths, along with
the average time at which each level of neglect was seen.
On the morning of their ISAs, each patient had Ag—AgCl Preinjection baseline data are also includeaifs = 68).
electrodes placed at the following sites: FP1-2, F7—-8, F3—4The scale(s) for the EEG maps were adjusted to show the
T3-4, T5-6, C3—4, P3-4, and O1-2. Eye movement elecchanges succinctly over time—the black maps during pre-
trodes were placed lateral and inferior to one eye. Prior tanjection baseline should not be interpreted as reflecting no
being submitted to spectral analysis, all recordings were refEEG activity—rather, the normal baseline EEG (an admix-
erenced to the ear opposite the injected hemisphere, for exdre of Alpha and Beta frequencies at an amplitude of around
ample, right hemisphere to left ear. This was done in ordeR0 uV) was present.
to maximize the potential of observing effects in the anes- Before proceeding, a word is in order about the baseline
thetized hemisphere by placing the reference as far away &LCT map. Although it is colored blue, implying that no
possible. area was neglected and the reading pattern was from left-
EEG recording was performed on a BMSI Model 3000to-right (corresponding to the blue arrow in Figure 1), it
(Biomedical Monitoring Systems, Inc., Los Gatos, CA.) with should be pointed out that the RLCT was never actually pre-
high- and low-pass filters set at 0.6 Hz8 dB down; 18 sented prior to the ISA. Rather, we assumed that perfor-
dB/octave roll-off) and 66 Hz{3 dB down; 12 dBoctave = mance would have been normal based on (1) no prior
roll-off). The sampling rate was 200 samplesvith 10-bit  evidence that any patient manifested hemispatial neglect dur-
resolution. One-minute-long baseline recordings were acing extensive neurological and neuropsychological test ses-
quired prior to each ISA. During these periods, eyes weresions (including structured letter cancellation tests) and
kept open and fixed on a point on the ceiling, while the pa-extensive pre-ISA behavioral testing; and (2) if@g (69%)
tient was instructed not to move their eyes and to blink asases, the final cancellation test performance was totally nor-
little as possible. mal, thereby suggesting that a similar performance would
EEG analysis was subsequently performed offline. Thehave occurred during formal pretesting, had it been carried
EEG was replayed into a 53680 microcomputer and ana- out. Furthermore, we did not want to prime the patients be-
lyzed with Rhythm software (Version 10; Stellate Systems fore the ISA by showing them the cancellation test, thus al-
Westmount, Quebec, Canada). The sampling rate was 236wing for the possibility that they might have done better
samplegs (with 12-bit resolution), resulting in 2-s sections during the ISA by virtue of knowing about how large or
and a frequency resolution of 0.5 Hz. Online digital filter- extensive the sheet was in reality.
ing was performed with a 15-point finite impulse response With these caveats about preinjection baseline perfor-
filter that attenuates by 50% frequencies at 64 Hz. Acqui-mance in mind, it can be seen that, over time, the degree of
sition began with the baseline periods and continued untiheglect decreases in a monotonic fashion. Similarly, the de-
the end of any particular ISA. (The end of the ISA was de-gree of hemispheric inactivation, as measured by early and
termined by return of neurobehavioral function, not by EEGprofound slowing into the delta and theta ranges, decreases

EEG Acquisition and Analysis
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over time, leaving only residual changes in the Alpha, Betavhole data set{obs= 142), the following EEG variables

1, and Beta 2 bands; these changes are in agreement witvere selected: T6 Delta, P4 Delta, C4 Theta, and P4 Beta 1.

previous data concerning the time course of EEG changeBhe multiple R was .637, which was highly significant

during the Wada test (Ahern et al., 1994). [F(4,137 = 23.423,p < .001]. To address the language

dominance question, separate regressions were calculated

« Significantneglect tends to occur early oh(= 2 min,  for the left language dominant group and those who were
3 s;SD = 1 min, 26 s) during the ISA, with patients ne- not clearly left hemisphere dominant for language (all
glecting target “A”s in the left 23 of the field (red zone). nonleft-hemisphere language dominant subjects were col-
The EEG at this point is characterized by profound slow-lapsed because of sample size). The regression (multiple
ing into the Delta and. The.ta I’anges, admixed with in'R = 646) for the left |anguage groum @bs: 124) se-
creases (above baseline) in Alpha, Beta 1, and Beta gcted the identical set of variables to those of the overall
bands, in zones cqrespondmg to the.anterlor anq rnlddl'::;'lnalysis. These results were also significadht4, 119 =
cerebral artery territories in the inactivated hemlsphere21.324’IO< .001]. In the nonleft-hemisphere language group

It should be noted that the apparent inactivation of con- o .
tralateral prefrontal zones is (at least in part) real, al{"0PS= 18), the variables selected were O2 Delta, F4 Delta,

though the use of a relatively fixed amplitude scale, along?"d F8 Beta 2. This regression equation (multile .715)
with quadratic interpolation for the maps, tends to exag-Was not as significant as the other twé(g,14 = 4.868,
gerate certain effects, such as contralateral changes ap-= -016], but still demonstrated that left hemispatial ne-
pearing more significant than they really are (on the rawglect is dependent on right hemispheric dysfunction. In pa-
EEG tracing). tients with left hemispheric lesions ¢bs= 63), the multiple

- Roughly 2 min laterl = 3 min, 50 sSD = 2 min, 54 ), regression selected T4 Delta, F4 Theta, and C4 Beta 1. The

the degree of neglect has decreasetitaleratewith pa- ~ '€9ression equation (multipke = .742) was again highly
tients now neglecting only the lefy3 of the field (yel- ~ Significant [F(3,59 = 24.123,p < .001]. Finally, in the
low zone). The EEG at this point shows roughly the samdight hemisphere lesion group ¢bs= 77), a greater num-
admixture of frequencies as the prior observations, alber of variables were selected: T6 Delta, P4 Delta, F8 Theta,

though the spatial extent is more restricted. T4 Theta, C4 Theta, O2 Alpha, FP2 Beta 2, and P4 Beta 2.
e Only minimalneglect is left by 7 min2 s (SD = 4 min, Once again, the regression equation (multipte .727) was

15 s). In this condition, the patients generally find all of highly significant F(8,68 = 9.545,p < .001].

the targets, excepting perhaps those on the extreme left

side of the page (green zone). However, they begin byp|SCUSSION

starting on the right (as opposed to the left) side of the

page. The EEG now shows significant decreases in théhe results of the present study confirm the results of pre-

amount of Delta and Theta slow-wave activity. By andvious studies (Spiers et al., 1990) that demonstrated hemi-

large, most activity is centered in the Alpha, Beta 1, andspatial neglect behavior during right hemisphere inactivation

Beta 2 bands. in the context of the ISA. This is true regardless of which
« By 9 min, 59 s 6D = 3 min, 57 s) postinjection, there is hemisphere is dominant for language or where the epileptic

no neglect, with all patients beginning in the far left side '€Sion resides.

of the page and f|nd|ng all the target “A”S. Curious|y, the In addition, it can now be stated that neglect inthe ISAis

EEG has not completely returned to baseline at this pointhot an all-or-none phenomenon. Rather, there is a system-

still manifesting increased amounts of fast activity (com-atic decrease in the extent of hemispatial neglect as the hemi-

pared to baseline). sphere recovers its normal function. Even more importantly,

the current study demonstrates that these systematic changes

The way the current data were collected meant that noin the degree of neglect are paralleled by similar decreases
every participant performed the same number of trials, nom the amount of hemispheric inactivation, as measured by
did every participant have a performance for each degree dhe spectrally analyzed EEG. While such a resolution of ne-
neglect §ignificant moderateminimal, or nong. As such, glect may also occur in right hemisphere strokes, the time
the assumptions of a repeated measures analysis of vageurse is much longer, which makes such an analysis more
ance would be violated. In an attempt to circumvent thisdifficult.
difficulty, multiple regression analysis was utilized to as- Itis not easy to determine whether the changes in neglect
certain whether language dominance or side of lesion afseen in this study are based more on sensory—percegtual
fected the relationship between the degree of neglect ansusmotor—intentional neglect, the former being perhaps more
the EEG changes that occurred in the ISA. Each time thassociated with posterior zones in the right hemisphere and
neglect test was presented, there would be an observatidhe latter being more associated with anterior zones (Bisi-
including a neglect score (4 faignificantneglect, 3 for ach et al., 1990). This is because the letter cancellation test
moderate 2 forminimal and 1 fornong and the EEG data appears to be sensitive to both types of neglect (Daffner
from each site and band. (For the sake of clarity, only datat al., 1990). Other methods of measuring neglect, such as
from right hemisphere sites were used.) These data werextinction to double simultaneous stimulation (tapping
submitted to a stepwise multiple regression. Considering theensory—perceptual) afmt blinded motor search for ob-
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jects on a cork-board (tapping motor—intentional), would tracarotid amobarbital test: Il. Coherence analydirnal of

have to be used in order to get at this problem. Unfortu- Clinical Neurophysiology12, 285-290.

nately, the time constraints imposed during the ISA makederthier, M., Starkstein, S., & Leiguarda, R. (1987). Behavioral

this extensive testing difficult to perform. There is reasonto  €ffects of damage to the right insula and surrounding regions.

suspect however, that intentional neglect may have been the 0rtex 23, 673-678. _ _

more important of the two working here. Manoach et al, B'$1a¢h. E., Geminiani, G., Berti, A., & Rusconi, M.L. (1990). Per-
. . . . - ceptual and premotor factors of unilateral negléiurology

(1996) failed to fmd_ewdence of Igﬁ hemispatial _neglect for 40, 1278-1281.

mental representations of a famllllar_scene during the Peyafiner, K.R., Ahern, G.L.. Weintraub, S., & Mesulam, M.M.

formance of an ISA protocol very similar to the currentone.  (1990). Dissociated neglect behavior following sequential

They speculated that the absence of neglect for mental rep- strokes in the right hemispher&nnals of Neurology28, 97—

resentations might be related to greater inactivation of fron- 101.

tal as compared to parietal-occipital regions during the ISADenny-Brown, D. & Chambers, R.A. (1958). The parietal lobe and

Certainly, the current results lend support to that specula- behavior.Proceedings of the Association for Research in Ner-

tion, insofar as the maps presented herein (Figure 2) would Vvous and Mental Disorders$6, 35-117.

seem to show more pervasive and long-lasting inactivatior‘ferfo’ JM. & Kertesz., A. (1984). quterior internal capsule infarc-

of frontal as compared to parietal-occipital zones. Never- 222 associated with neglechrchives of Neurology1, 422~

hel he multiple regression anal hat E ‘

zalc(-j:i\(;:‘ifise’stir:a muult;[ppl)eezc?r?eisc?f?hearigh{SﬁSrrfizgaZfétiniltudl-z'ssealton’ E.B., Navarro, C., Bressman, S., & Brust, J.C. (1982).

. . L Subcortical negleciNeurology 32, 776—778.

ing frontal, temporal, central, parietal, and even occipital iNHeilman, K.M. & Valenstein, E. (1972). Frontal lobe neglect in

a few instances, correlate with the degree of neglect. man.Neurology 22, 660—664.

One final interesting observation was even when clinicaleilman, K.M., Watson, R.T., & Valenstein, E. (1993). Neglect
evidence of left hemispatial neglect had disappeared (i.e., and related disorders. In K.M. Heilman & E. Valenstein (Eds.),
theno neglectondition in Figure 2), there were still resid- Clinical neuropsychology3rd ed., pp. 279-336). New York:
ual EEG changes (mostly in Alpha and Beta bands) in the Oxford University Press.
right hemisphere topographic maps. This occurred at an aJ-oring, D.W., Meador, K.J., Lee, G.P., &King, D.W. (1992)mo-
erage time of 10 min, when, even though lateralized behav- barbital eﬁectg and lateralized brain function: The Wada Test
ioral effects have significantly decreased, some residual NEW York: Springer-Verlag. _
changes can still be detected (e.g., mild paraphasic erroManoaCh’ D.S., O'Connor, M.J., & Weintraub, S. (1996). Absence

- . ; . of neglect for mental representations during the intracarotid amo-
during language dominant hemisphere ISAs). This suggests barbital procedureArchives of Neurologys3, 333-336.

that not only is left hemispati_al neglec_t _not an aII-or-noneMeador, K.J., Loring, D.W., Lee, G.P., Brooks, B.S., Thompson,
phenomenon, _but that there_ls, in addition, a threshold ef- g £ Thompson, W.0., & Heilman, K.M. (1988). Right cere-
fect, below which, neglect will not be detected (at least by  pral specialization for tactile inattention as evidenced by intra-
the current means), despite evidence of mild right hemi- carotid sodium amytaNeurology 38, 1763-1766.
spheric dysfunction (as measured by EEG signs of electraviesulam, M.M. (1981). A cortical network for directed attention
physiological inactivation). and unilateral neglecAnnals of Neurologyl0, 309-325.
Mesulam, M.M. (1985). Attention, confusional states, and ne-
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