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This study examined whether children with early-treated phenylketonuria (ETPKU)
exhibited a disruption in communication between the hemispheres as a function of
computational complexity (Banich & Belger, 1990; Belger & Banich, 1992, 1998)
when compared to neurol ogically uncompromised children who were matched in age
and 1Q. Thisinvestigation was motivated by findings that phenylketonuria affects
myelination of neurons, including those that make up the corpus callosum, the main
neural conduit for interhemispheric interaction. Children performed 2 tasks: a less
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complex physical-identity task and a more complex name-identity task. For both
tasks, we compared performance on across-hemisphere trials, which require
interhemispheric interaction, and on within-hemisphere trias, in which no hemi-
spheric interaction is required. On the more complex name-identity task, children
with ETPKU exhibited less of abenefit from across-hemisphere processing than did
neurologically intact children. These results suggest that the interhemispheric inter-
action required to complete computationally complex tasks is compromised in chil-
drenwith ETPKU. Such aninsufficiency may explain someof the attentional deficits
observed in this group of children.

In this study, we examined interactions between the cerebral hemispheresin a
group of children with early-treated phenylketonuria (ETPKU) as compared to
childrenwithout neurological compromise. Phenylketonuria(PKU) hasbeen dem-
onstrated to affect myelination of neurons in both humans (e.g., Bauman &
Kemper, 1982; Macombe et a., 1992) and animals (Reynolds, Burri, Mahal, &
Herschkowitz, 1992). The corpus callosum, a massive white matter tract connect-
ing the cerebral hemispheres, becomes heavily myelinated during childhood
(Giedd et al., 1996; Y akovlev & Lecours, 1967). Hence, PKU may be expected to
affect interhemispheric interaction.

PKU is agenetic disorder that produces an inborn error of metabolism caused
by a deficiency of the enzyme phenylalanine hydroxylase (Woo, Lidsky,
Giittler, Chandra, & Robson, 1983). The result is that phenylalanine (an amino
acid) is not efficiently converted into tyrosine (another amino acid), which is a
precursor of dopamine (a neurotransmitter). High levels of phenylalanine can
lead to mental retardation (Koch, Azen, Friedman, & Williamson, 1982). Fur-
thermore, glia cells are especialy vulnerable in PKU, resulting in the noted
compromise of mydination (Dyer et al., 1996).

Because of the negative effects of PKU, many countries have implemented
mandatory screening for PKU at birth (e.g., Lund & Wamberg, 1970; Starfield &
Holtzman, 1975). Neonates who screen positive are placed on adiet to restrict the
intake of phenylalanine (Bickel, Gerrard, & Hicksman, 1954; Hudson, Mordaunt,
& Leahy, 1970). Nonetheless, children with ETPKU may experience subtle defi-
cits in cognition. For example, an overall drop in 1Q relative to siblings has been
observed (Dobson, Kushida, Williamson, & Friedman, 1976) and appears to be
more pronounced when dietary control is poor (e.g., Smith, Beasey, & Ades,
1991). Although disruptions in myelination can be partially ameliorated through
dietary control (e.g., Thompson et a., 1993), other evidence points to persisting
white matter abnormalities (e.g., Bick et al., 1991).

Theassociation between PKU and disrupted myelination led Gourovitch, Craft,
Dowton, Ambrose, and Sparta (1994) to examine interhemispheric interaction in
individualswith ETPKU who ranged from 6 to 23 years of age. These researchers
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used the standard Poffenberger (1912) paradigm to examine the crossed—un-
crossed difference (CUD) as an estimate of interhemispheric transfer time. In this
paradigm, individuals must respond to asimple laterally presented visual stimulus
(e.g., alight flash) by depressing aresponse key. Inthe uncrossed condition, there-
sponding hand is controlled by the same hemisphere as that which receives the
stimulus (e.g., aright-hand responseisgiven to astimulus presented to theright vi-
sua field [RVF]). In the crossed condition, the responding hand is controlled by
the opposite hemisphere (e.g., RVF stimulus and |eft-hand response). In this case,
information must crossthe corpus callosum before aresponse can beinitiated. The
elongation of reaction time (RT) on the crossed condition rel ative to the uncrossed
condition is taken as a measure of interhemispheric transfer time.

Gourovitch et al. (1994) found that individualswith ETPKU exhibited an exag-
geratedslowingin RT whentheleft hand wasused to respond to targetspresentedin
the RVF. They interpreted these results asindi cating that interhemispheric transfer
from theleft to the right hemisphere was compromised inindividualswith ETPKU
as compared with their two other study groups (neurologically intact children and
children with attention deficit hyperactivity disorder). In addition, the results re-
vealed that a greater degree of slowing of interhemispheric transfer from the left
hemisphere to the right was associated with higher phenylalanine levels at birth.

In addition to compromising the process of myelination, PKU also appears to
selectively affect regions of the brain that are highly innervated by dopaminergic
neurons. Studies have shown that phenylalanine levels are negatively correlated
with dopaminelevel inindividuals with PKU (e.g., Krause et a., 1985). Children
with PKU exhibit deficitsin contrast sensitivity, which has been suggested to be
caused by abnormal functioning of retinal neurons, whose functioning is highly
dependent on dopamine (Diamond & Herzberg, 1996). In addition, there are nu-
merous reports that children with ETPKU experience dysfunction in avariety of
cognitive ahilities subserved by the frontal lobes (e.g., Diamond, Prevor,
Callender, & Druin, 1997), abrain region that receives substantial dopaminergic
innervation. For example, Smith, Klim, Mallozzi, and Hanley (1996) found that
children with ETPKU showed greater deficits on tasks subserved by frontal as
compared to posterior regionsof the brain, and that the degree of phenylalanineel-
evation was significantly correlated with performance on tasks tapping frontal but
not posterior brain function. Deficits on attentional tasks subserved by the frontal
lobes (e.g., the Stroop task) were also revealed, and again, performance on these
tasks was significantly correlated with serum phenylalaninelevels (e.g., Weglage,
Pietsch, Funders, Koch, & Ullrich, 1996).

It has been suggested that dopaminergic innervation is especially important for
| eft-hemisphere function (e.g., Tucker & Williamson, 1984), which raisesthe pos-
sibility that children with PKU may exhihit specific |eft-hemisphere dysfunction.
Such an association is suggested by the work of Craft, Gourovitch, Dowton,
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Swanson, and Bonforte (1992). They used the Posner attention-cueing paradigm
and found that maleswith ETPKU exhibited slowed responsesto RV F targetsfol-
lowing aleft visual field (LVF) cue. This patternissimilar to that observed in pa-
tients with damage to the left parietal lobe and has been interpreted as a
|eft-hemisphere deficit in the ability to disengage attention. In this situation, at-
tention isfirst engaged by the LV F cue. Then attention must be disengaged before
it can be moved in arightward direction to the RVF target. The left hemisphere
would beresponsiblefor disengaging attention so that it could be moved in aright-
ward direction. In contrast, the right hemisphere would be responsible for disen-
gaging attention such that it could be moved in a leftward direction (e.g.,
Kinsbourne, 1993; Posner, Inhoff, Friedrich, & Cohen, 1987). These authors sug-
gested that such | eft-hemisphere dysfunction was mediated by dopamine, as they
found a correlation between the phenylalanine levels at the time of testing and the
degree of the disengagement deficit for males (at | east when the delay between the
cue and target was 800 msec).

In this study we wished to address two issues. First, we wished to examine
whether children with ETPKU would exhibit deficits in interhemispheric interac-
tionfor higher order information rather than for the simplevisual light flashesused
inthe Gourovitch et a. (1994) study. To do so, we used two matching tasks, onein
which children decided if |etters were physically identical (physical-identity task)
and one in which they decided if |etters had the same name (name-identity task).
We also chose these tasks because it has been shown previously that the utility of
interhemispheric interaction varies as a function of computational complexity
(e.g., Banich & Belger, 1990; Belger & Banich, 1992, 1998; Weissman & Banich,
1999). The name-identity task ismore complex than the physical -identity task, be-
cause not only must items be encoded on the basis of their physical characteristics
and a response emitted, but the letters must be transformed into some other code
(e.g., acase-neutral code, a name code) before a decision can be made.

In brief, our prior studies have shown that when tasks are relatively simple,
they are performed more rapidly and accurately by one hemisphere as compared
with having both hemispheres cooperate to perform the task. In contrast, for
more complex tasks, across-hemisphere processing provides a performance ad-
vantage. In our previous work, we have shown that these effects are observed in
both adults (Banich & Belger, 1990; Belger & Banich, 1992, 1998) and
school-age children (Banich, Passarotti, & Janes, this issue). We have suggested
that a within-hemisphere advantage occurs under conditions of low complexity
because there is no computational gain from dividing processing across the
hemispheres to offset the costs entailed in the “overhead” of coordinating pro-
cessing across the hemispheres. For more computationally complex tasks, how-
ever, this overhead is relatively less important compared to the computational
power gained by dividing processing across the hemispheres; this results in the
across-hemisphere advantage.
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Theissue explored in this study was whether children with ETPKU would ex-
hibit a pattern of performance similar to that of neurologically intact children. To
differentiate between various possible types of interhemispheric deficits, it was
important that two tasks be used, one that yielded a within-hemisphere advantage
and one that yielded an across-hemisphere advantage (for a more detailed discus-
sion, see Banich & Shenker, 1994). One possibility is that ETPKU may impede
interhemispheric interaction such that performance on all across-hemispheretrials
isdisrupted. In this case, children with ETPKU would exhibit performance more
similar to that of patients with callosal dysfunction or callosal disconnection. On
the other hand, the deficit could be more subtle and may emerge only when
across-hemisphere processing is critical or beneficial to task performance, as un-
der conditions of high complexity. In this case, we would expect to observe the
deficit on the name-identity task but not on the physical-identity task.

The second issue we wished to further explore was the possibility that children
with ETPKU exhibit aspecific deficit in left-hemisphere function. The Banich and
Belger (1990) paradigm is especially useful in thisregard becauseit allows oneto
examine not only differences between within- and across-hemisphere processing,
but hemispheric differences aswell, both on within- and across-hemispheretrials.
In our paradigm, threeitems are presented on every trial. A lateralized target item
appears below two probes, one positioned in each visual field. On within-hemi-
spheretrials, both matching itemsare presented in the samevisual field, and hence
we assume that the decision is subserved by the contralateral hemisphere (e.g., the
|eft hemi sphere makes the match decision when the matching items are presented
in the RVF). On across-hemisphere trials, each hemisphere receives one of the
matching items, which alows for the possibility that either hemisphere could
make the match decision.

Our prior research has allowed us to determine which hemisphere makes the
match decision on across-hemispheretrials. We have evidence that the decisionis
made by the hemisphere contral ateral to the matching probeitem. Hence, whenthe
target is presented in the LV F and the probeis presented in the RV F (across-probe
RVFtrials), the decision is subserved by the |eft hemisphere. In contrast, when the
target is presented in the RVF and the probeis presented in the LV F (across-probe
LVFtrials), the decision is subserved by the right hemisphere (see Figure 1).

Evidence for this assertion comes from a study in which we manipulated the
mood of our participantsinto one of two mood states, either neutral or sad. Consis-
tent with prior reports that a sad mood differentially affects right-hemisphere per-
formance (e.g., Ladavas, Nicoletti, Umilta, & Rizzolatti, 1984), we found that,
compared with a neutral mood state, a sad mood state reduced performance on
within-hemisphere LVF trialsrelative to within-hemisphere RV trials. Likewise,
we found a reduction in performance on across-probe LVF trials relative to
across-probe RVF trials, suggesting that the match decision is made by the right
hemisphere on across-probe LVF trials (Banich, Stolar, Heller, & Goldman,
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FIGURE 1 Sampletriasfor the physical-identity and name-identity tasks. Note. LVF = left
visual field; RVF =right visual field.
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1992). Thus, if children with ETPKU have specific left-hemisphere dysfunction,
their performance should be compromised on within-RVF trial sand on across-probe
RVF trids.

In sum, we had two main objectivesin our study. First, we wished to determine
if children with ETPKU exhibit a disruption in interhemispheric processing. If
such adisruption were observed, we wished to more carefully characterize it, de-
termining whether it was exhibited under all conditions or only under situations
with high computational demands. Second, we wished to examine whether thereis
any evidencethat either hemispheric or interhemispheric processing is asymmetri-
cally disrupted in children with ETPKU. More specifically, we wished to examine
whether children with ETPKU exhibited left-hemisphere dysfunction or disrup-
tion in the transfer of information from the left hemisphere to the right.

METHOD
Participants

Participants were 9 children with ETPKU and 12 neurologically intact children.
Children with ETPKU were recruited through the Phenylketonuria Clinic in the
Division of Medical GeneticsDepartment of Pediatrics at St. Louis Children’s
Hospital, Washington University School of Medicine. All of the children had
been diagnosed with PKU prior to 6 weeks of age and were on a diet to restrict
phenlyalanine intake at the time of participation. The phenylalanine levels ob-
tained closest to time of participation in our study ranged from 5.9 mg/dl to 13.7
mg/dl (M = 9.67 mg/dl, SD = 3.0 mg/dl). The neurologically intact children were
from the St. Louis community.

None of the children in either the ETPKU or the neurologically intact groups
had histories of learning disabilities or major medical disorders other than PKU.
Children inthe ETPKU group ranged from 6 to 15 years of age, whereas children
in the neurologically intact group ranged from 7 to 14 years of age. Mean agesfor
the ETPKU and for the neurol ogically intact groupswere 10.6 (SD = 2.8) and 10.7
(SD =2.2) years, respectively. General intellectual abilities(i.e., Q) as estimated by
the Picture Vocabulary subtest from the Woodcock—Johnson Psychoeducational
Battery—Revised (Woodcock & Johnson, 1989) ranged from 96 to 125 for the
ETPKU group and from 90 to 138 for the neurologically intact group. Mean esti-
mated 1Qs for the ETPKU and for the neurologically intact groupswere 114 (SD =
11.9) and 116 (SD = 16.1), respectively. There were no significant between-group
differences on any of these variables (see Table 1).

The sample of ETPKU children consisted of two right-handed boys, two
|eft-handed boys, four right-handed girls, and one left-handed girl. The sample
of neurologically intact children consisted of two right-handed boys, two
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TABLE 1
Characteristics of Phenylketonuria and Neurologically Intact Participants

Group Sex Handedness ~ Ageat Testing? PPVT (Standar dized)®

Phenylketonuriaintact individuals
1 Mae Right 12.25 124
2 Female Right 7.50 110
3 Female Right 9.00 122
4 Female Left 9.25 120
5 Female Right 6.75 125
6 Mae Right 13.75 100
7 Mae Left 11.00 124
8 Female Right 15.00 96
9 Mae Left 10.75 101

Neurologically intact individuals
1 Female Right 11.00 115
2 Mae Right 12.75 94
3 Female Left 12.50 20
4 Female Right 8.75 128
5 Mae Left 13.75 118
6 Female Right 9.75 104
7 Female Right 14.00 135
8 Mae Right 11.50 120
9 Female Right 9.00 132
10 Female Right 8.75 138
11 Female Right 7.75 112
12 Mae Left 8.50 100

Note. PPVT = Peabody Picture Vocabulary Test.

aFor the phenylketonuria-intact group, mean age at testing was 10.58 years (SD = 2.76). For the
neurologically-intact group, mean age was 10.67 years (SD = 2.20).

bFor the phenylketonuria-intact group, mean PPVT was 113.56 (SD = 11.85). For the
neurologically-intact group, mean PPVT was 115.50 (SD = 16.07).

left-handed boys, seven right-handed girls, and one left-handed girl. Previoudly,
we have found no difference between right- and left-handed adults in the
interhemispheric processing measures employed in this study (Belger & Banich,
1998).

Procedure

Children were administered the Banich and Belger (1990) i nterhemi spheric task as
part of alarger neuropsychological test battery. Resultsfrom thisbattery will bere-
ported elsewhere. It should be noted that the procedure used in this study (and de-
scribed later) was identical to that of Banich, Passarotti, and Janes (thisissue), ex-
cept that, because of time constraints, there were fewer experimental trials.
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Stimuli.  Stimuli werethe uppercaseand lowercaseversionsof thelettersA, B,
D,E,F,G,H,L,M,Q,R, and T presented in Chicago font. Each display contained
three black letters on awhite background. Each letter subtended no morethan .95°
horizontally and 1.3° vertically. Thetwo probeitemswerecentered 1.6° abovefixa-
tionand 2.68° laterally from midline, with onein each visual field. Thetarget item
was centered 1.6° below fixation and 1.6° laterally from midline. For the physi-
cal-identity task, all itemswereuppercasel etters. For thename-identity task, thetwo
probes were presented in uppercase and the target was presented in lowercase.

One half of al trialswere match trials, in which one of the probes matched the
target item, and half were mismatch trials, inwhich all three letterswere different.
For match trials, half were within-hemisphere trias, in which the target and the
matching probe were presented in the same visual field, and half were
across-hemisphere trials, in which the target and matching probe were pre-
sented in opposite visual fields. For all conditionsin both match and mismatch tri-
als, the target appeared equally often in the LVF and RVF (see Figure 1).

Experimental presentation. Children received 8 practicetrials and 80 test
trials. At the beginning of atrial, ablack square appeared for 300 msec, drawing at-
tention to this fixation point. Next, the three letters (along with a smaller fixation
square) were displayed for 200 msec. After the stimulus display, a blank white
screen appeared for 3,000 msec, during whichtime children were asked to pressthe
space bar if there were a match and to refrain from responding if there were no
match (go—no-go responses). RT wasrecorded for each matchingtrial. Thetask re-
quired approximately 45 min to complete.

Equipment

The task was run on a Macintosh Plus with SuperLab 1.55 software.

RESULTS
Accuracy

To obtain a measure of accuracy that was free from the response biases of indi-
vidual children (e.g., responding impulsively or overly conservatively), we uti-
lized d". We performed a repeated measures analysis of variance (ANOVA) on
d” with the between-subject factor of group (ETPKU, neurologically intact) and
the within-subjects factors of task (physical identity, name identity), trial type
(within hemisphere, across hemisphere), and visual field of the matching probe
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(LVF, RVF). We included this last factor (visual field of the matching probe) in
our analysis because our prior work suggested that the match decision is made
by the hemisphere contralateral to this probe on both within-hemisphere and
across-hemisphere trials (see Banich, 1995, for a longer explanation).
Theanalysisrevealed amain effect of task, F(1, 18) = 23.54, p <.0003, because
accuracy was higher for the physical-identity task (d° = 3.65) than for the
name-identity task (d" = 2.96). A main effect of trial type was also observed, F(1,
18) = 8.74, p < .01, as responses were more accurate on across-hemisphere trials
(d” = 3.41) than on within-hemispheretrials (d" = 3.20). Both of these effectswere
modified by a significant four-way Group x Task x Trial Type x Visua Field of
the Matching Probe interaction, F(1, 18) = 9.98, p < .005 (see Figures 2 and 3).
Decomposition of this interaction indicated that the Group x Trial Type x Vi-
sual Field of the Matching Probe interaction was not significant for the physi-
cal-identity task. On this task, neither group exhibited either a within- or an
across-hemisphere advantage (p > .10). In contrast, the Group x Tria Type x Vi-
sual Field of the Matching Probe interaction was significant for the name-identity
task, F(1, 18) = 11.06, p < .005. Decomposition of thisinteraction revealed that the
patterns did not differ for the ETPKU and neurologicaly intact groups for
LV F-probe name-identity trials because neither group exhibited a within- or an
across-hemisphere advantage. However, the pattern for thetwo groups differed on

Physical-Identity Task

4 o within

3.85 W across
L

3.67 3.69 3.67

3.66

RE D

(=

ETPKU - LVF Normal - LVF EKPKU - RVF Normal - RVF

Group & Condition

FIGURE 2 Mean accuracy (d') for the physical-identity task. Note. ETPKU = early-treated
phenylketonuria; LVF=left visual field matching probe; RV =right visua field matching probe.
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Name-Identity Task o within

W across

3.16 - 3.15

2.61

ETPKU - LVF Normal - LVF EKPKU - RVF Normal - RVF

Group & Condition

FIGURE 3 Mean accuracy (d') for the name-identity task. Note. ETPKU = early-treated
phenylketonuria; LV F=Ieft visud field matching probe; RVF=right visual field matching probe.

RV F-probe name-identity trials, F(1, 18) = 18.16, p < .0005. The ETPKU group
exhibited neither awithin- nor an across-hemisphere advantage (p > .09), whereas
the neurologically intact group exhibited a highly significant across-hemisphere
advantage, F(1, 18) = 19.42, p <.0005, apattern also observed in aseparate sample
of neurologically intact children (Banich, Passarotti, & Janes, thisissue).

To examine whether there was any evidence of aspecific left-hemisphere defi-
cit in children with ETPKU, we performed tests of simple effectsto compare their
responses on RV F-probe name-identity trials to those of the neurologically intact
group. There were no significant differences in performance between the groups
for either within-hemisphere or across-hemisphere trials.

RT

We performed a repeated measures ANOVA on median RT using the same be-
tween- and within-subjects factors as noted previously. Asinthed” analysis, this
analysisrevealed amain effect of Task, F(1, 18) =80.73, p<.0001, asRT for physi-
cal-identity trials (520 msec) was faster than that for name-identity trials (728
msec). A main effect of trial typewasalso observed, F(1, 18) =5.55, p< .05, asRT
for within-hemispheretrials (605 msec) wasfaster than that for across-hemisphere
trials (643 msec). The main effect of trial typewasoppositetothat foundfor d”. Be-
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cause there were severa higher order significant interactions that modified this
main effect, we discussthe possibility of a speed—accuracy trade-off when we con-
sider these higher order effects. These included significant interactions of Trial
Type x Visua Field of the Matching Probe, F(1, 18) =8.09, p < .03, and of Task x
Trial Type x Visual Field of the Matching Probe, F(1, 18) = 9.60, p < .01.

Although the four-way interaction of Group x Task x Trial Type x Visua Field
of the Matching Probe did not reach conventional levels of significance (p < .20),
we performed adecomposition similar to that performed onthed” datato look for
correspondence between the two measures of performance (i.e., d” and median
RT.

As with the d” data, there was no Group x Trial Type x Visual Field of the
Matching Probe interaction for the physical-identity task (p > .40) because both
groupsdemonstrated asignificant within-hemisphereadvantage, F(1, 18) =14.38, p
<.003. For the name-identity task, the Group x Trial Type x Visual Field of the
Matching Probeinteraction approached significance(p<.10). Similartothed” data,
there was no group difference in the processing of LVF-probe trials for the
name-identity task (p > .35). Surprisingly, both groups showed a significant
within-hemisphere advantage, F(1, 18) = 5.89, p < .05. Although we may have ex-
pected awithin-hemisphereadvantagefor the ETPK U group, wewould not have ex-
pected such a pattern for the neurologically intact children. Previous results with

Physical-Identity Task

900

tm’
[. across
—_——d

800 4

700

5
)
o
600 575
556
532 536
499
500 487 479
400
ETPKU - LVF Normal - LVF EKPKU - RVF Normal - RVF
Group & Condition

FIGURE 4 Medianreectiontime(RT) for the physical-identity task. Note. ETPKU = early-treated
phenylketonuria; LVF = left visual field matching probe; RVF = right visud field matching probe.
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Name-Identity Task

860 |m
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FIGURE5 Median reactiontime (RT) for the name-identity task. Note. ETPKU = early-treated
phenylketonuria; LV F=Ieft visua field matching probe; RV F=right visual field matching probe.

neurologically intact children (Banich, Passarotti, & Janes, thisissue) and adults
(Banich & Belger, 1990; Belger & Banich, 1992, 1998) suggest that the name-iden-
tity task typically yieldsan across-hemisphere advantage. Hence, theresultsin this
study may represent a speed—accuracy trade-off for this group because the d’
measure yielded neither awithin- nor an across-hemisphere advantage.

For RVF-probe name-identity trials, the Group x Tria Type interaction ap-
proached but failed to reach significance (p < .08). Tests of simple effectsrevealed
that for the ETPKU group therewas neither awithin- nor an across-hemisphere ad-
vantage (p > .60), whereas for the neurologically intact group there was a signifi-
cant across-hemisphere advantage, F(1, 18) = 12.68, p < .003, which was
consistent with the pattern we observed in a separate sample of neurologicaly in-
tact children (Banich, Passarotti, & Janes, thisissue). Hence, across both measures
of performance, the groups appear to differ on RV F-probe name-identity trials,
with the neurologically intact children showing a pattern similar to that obtained
previously in adults (i.e., an across-hemisphere advantage) and the children with
ETPKU not manifesting this pattern.

Once again, we performed tests of simple effects in an attempt to determine
whether therewere group differencesin performance on RV F-probe name-identity
trials. Contrary towhat would beexpectedif therewerel eft-hemispheredysfunction
inthe ETPKU group, their RT wasactually marginally significantly faster than that
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of the neurologically intact group, F(1, 18) = 4.127, p <.06, for within-hemisphere
trials. No group differences were noted for across-hemispheretrials (p > .98).

DISCUSSION

The results of this study indicate that interhemispheric processing is less advan-
tageous to children with ETPKU than to children who have no neurological
compromise. Our results suggest that ETPKU has an additional effect on
interhemispheric interaction beyond those reported in prior studies. Previously,
Gourovitch et a. (1994) found deficits in the speed of interhemispheric trans-
mission from the left to right hemisphere in children with ETPKU, as inferred
from a Poffenberger (1912) paradigm, which requires simple integration of
sensorimotor information. Our task, in contrast, was more cognitively demand-
ing than the Poffenberger paradigm, but children with ETPKU also exhibited an
atypical pattern of interhemispheric interaction.

However, this effect was not ubiquitous, and it is instructive to examine the
conditions under which it occurred. First, the patterns of performance of children
with ETPKU and of neurologicaly intact children did not differ for a
computationally simple physical-identity task that typically yields awithin-hemi-
sphere advantage. Hence, no disruption in interhemispheric interaction was noted
when such interaction was not particularly beneficial to task performance. How-
ever, when interhemispheric interaction would aid task performance, as was the
case for the name-identity task, children with ETPKU did not exhibit the typical
across-hemisphere interaction. Thus, it does not seem that their callosal function-
ing was affected under all conditions, but only when callosal channels were taxed
and required for more efficient and accurate performance than was observed when
all critical information was directed to a single hemisphere.

Second, the differences between neurologically intact children and those with
ETPKU were most apparent for trials in which the left hemisphere made the
match decision. Consistently across both the d” and RT measures for the
RVF-probe trials, the children with ETPKU did not exhibit a significant
across-hemisphere advantage, whereas the neurologically intact children did.
This pattern may lead one to conclude that the deficit in interhemispheric inter-
action is asymmetric, a conclusion consistent with that of Gourovitch et al.
(1994). However, there are reasons not to jJump to such a conclusion. The data of
the neurologically intact children on LV F-probe name-identity trials appear to
be contaminated by a speed—accuracy trade-off, which means that these data do
not provide a good baseline against which to evaluate whether the children with
ETPKU have atypical interhemispheric interaction. Hence, as an exploratory
analysis we compared performance on the name-identity task of children with
ETPKU to that of a larger sample of neurologically intact children (Banich,
Passarotti, & Janes, this issue) who were not matched for age and 1Q. In this
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comparison, a difference between the children with ETPKU and the neurologi-
cally intact children was observed for LV F-probe name-identity trials, and once
again the children with ETPKU failed to manifest an across-hemisphere advan-
tage. Thus, rather than having specific left-hemisphere dysfunction, it may be that
the deficit in children with ETPKU is apparent only under conditions in which an
across-hemisphere advantage is obtained in neurologically intact children.

There are other reasons to believe that the performance of children with
ETPKU may not belimited to left-hemispheretrials. The pattern we observed does
not map well onto the results of Gourovitch et a. (1994). In their study, children
with ETPKU exhibited a specific deficit when the left hemisphere received the
stimulus and the right hemi sphere generated the response. In contrast, in our study
the most consistent evidence for atypical interhemispheric processing in children
with ETPKU was observed on RV F-probe trials in which the decision was sub-
served by the left hemisphere. For our results to accord well with those of
Gourovitch et al., deficits would have had to be observed not on RVF-probetrials
but rather on across-hemisphere LV F-probe trials in which the decision was sub-
served by the right hemisphere. Therefore, rather than positing an asymmetric ef-
fect, we believe that children with ETPKU are likely to exhibit deficits whenever
across-hemisphere processing is particularly beneficial to task performance.

Another issue we wished to address was whether there was a specific deficit in
| eft-hemi sphere functioningin children with ETPKU. Our datado not provide sup-
port for this notion. Our method allowed usto addressthis question in two separate
manners. First, wewere ableto compare performancefor thetwo groupsof children
ononly thoseitemsinwhich al thecritical sensory information wasdirected to the
| eft hemisphereandinwhich theleft hemisphere subserved aresponse (within RV F
probetrials). Second, we were able to compare performance for the two groups of
children on across-hemisphere RV F-probeitemsinwhichthecritical sensory infor-
mation was divided across the hemispheres, and in which the |eft hemisphere sub-
served a response. Neither of these comparisons provided any hint of a specific
deficitin left-hemisphere processing for children with ETPKU, becausetheir level
of performance was not inferior to that of the neurologically intact children.

It is unclear which portion of the callosum is critical for performance of the
Banich and Belger (1990) task. Copeland & Zaidel (1997) found that our
interhemispheric tasks could not be performed by a split-brain patient with ante-
rior section of the corpus callosum. Their findings suggest that the task is sup-
ported by callosal transfer of information between frontal regions. Hence, the
deficits observed in the children with PKU may be related to frontal 1obe function,
which has a high degree of dopaminergic innervation. Although there is some re-
cent evidence that the bilateral comparison of letters can be supported by the ante-
rior commissure in acallosal individuals (Brown, Jeeves, Dietrich, & Burnison,
1999), wethink it unlikely that this structure is playing themain rolein our task in
neurologically intact individuals. The anterior commissure appears to be able to
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support the transfer only of information that isrelatively simple. For example, al-
though aletter-matching task containing two sets of items can be performedinin-
dividuals without a corpus callosum but with an intact anterior commissure, a
more complex patterntask cannot. Wethink that the complexity of our name-iden-
tity task exceeds that which can be supported by the anterior commissure.

In sum, our results provide evidence of atypical interhemispheric processing
in children with ETPKU. However, this effect is not ubiquitous and only appears
to emerge under conditions in which across-hemisphere processing is beneficial
to performance. Thus, although basic interhemispheric processing mechanisms
appear to be intact, children with ETPKU cannot accrue a performance advan-
tage by dividing processing across the hemispheres under conditions of high
computational complexity. It is possible that this inability may help to explain
some of the other cognitive deficits observed in ETPKU. Asreviewed by Banich
(1998), interaction between the hemispheres appears to modulate and enhance a
wide variety of attentional functions. It is noteworthy that attentional function-
ing is often compromised in individuals with PKU. For example, it has been re-
ported that individuals with ETPKU have difficulties in sustained attention (e.g.,
Schmidt, Burgard, & Rupp, 1996; Schmidt et al., 1994). It is interesting to note
that poorer callosal functioning in normal children has been linked to poor per-
formance on sustained attention tasks (Rueckert & Levy, 1996; Rueckert,
Sorenson, & Levy, 1994). Attentional deficits in ETPKU are not limited to sus-
tained attention and have been found for other attentional tasks, such as the
Stroop task (e.g., Weglage et a., 1996). Both lesion studies (e.g., Vendrell et a.,
1995) and neuroimaging studies (e.g., Banich et a., 2000; Bench et al., 1993;
Carter, Mintun, & Cohen, 1995) suggest that attentional selection in the Stroop
task relies in part on the prefrontal cortex. Disruptions in interhemispheric interac-
tion may also explain some of these effects in children with ETPKU, as we have
found that interhemispheric interaction can modulate Stroop performance
(Shenker & Banich, 2000). Future studies may fruitfully explore the relation be-
tween deficits in attentional functioning and interhemispheric interaction on
tasks such as these.
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