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Background: Deficits in attention are commonly identified among patients who have been prenatally 
exposed to alcohol, and they often affect the ability of the patients to function appropriately in society. 

Methods: Eleven adult patients with fetal alcohol syndrome (FAS) or fetal alcohol effects (FAE) were 
compared with nine adult subjects with no history of prenatal alcohol exposure, using four tests of visually 
and auditorially mediated attention. 

Results: In relation to the comparison group, patients with FASFAE exhibited substantial deficits in 
both auditory and visual attention; the auditory deficits were greater. We observed two predominant 
patterns of deficits among patients with FASFAE, one involving both auditory and visual attention 
problems and the other involving less severe auditory problems and even fewer visual problems. Most 
subjects with FAS or FAE had somc manifestations of attention problems in at least one of the tests of 
attention used in this study. We present a new graphical representation of individual auditory Continuous 
Performance Test data across a 6-min period, which, compared with conventional scores, more clearly 
reveals the markedly disrupted and variable attention patterns displayed by some individuals with FAS or 
FAE. 

Conclusions: These findings suggest that detailed analysis of the pattern of individual performance for 
each subject is an important aspect of Continuous Performance Test assessment. Our findings further 
suggest that intellectual performance (intelligence quotient score) alone is not sufficient to account for the 
patterns of disrupted attention for individuals with FASFAE. Assessment of individuals with FAS or FAE 
should include measurement of attentional functioning in both the visual and auditory modalities. 
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TTENTION DISTURBANCES are a frequently cited A area of concern for children and adolescents who have 
received diagnoses of fetal alcohol syndrome (FAS) or fetal 
alcohol effects (FAE). Steinhausen et al. (1982a) found 
that children of alcoholic mothers exhibited higher rates of 
concentration impairments than did either normal subjects 
or children of epileptic mothers. Similarly, in a recent study 
of patients with FASIFAE, 60% of those 6 to 20 years of 
age were reported to have experienced attention problems, 
and 70% were reported to have repeatedly experienced 
difficulties paying attention at school (Streissguth and 
Kanter, 1997). Attention problems are one of the hallmarks 
of fetal alcohol behaviors, affecting many areas of the lives 
of the subjects, including work and school performance. 

Mirsky et al. (1991) proposed a four-component theory 
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of attentional functioning to explain clinically observed 
attention disturbances. First is the ability to focus attention, 
i.e., to select one stimulus to attend to from among the 
other stimuli that are competing for attention. Deficits in 
this ability have been linked to damage to the right poste- 
rior cortex, especially the parietal cortex. Patients with FAS 
or FAE often become distracted by extraneous stimuli and 
have difficulty focusing their attention. The second element 
of attention proposed by Mirsky et al. (1991) is sustaining 
attention, i.e., the ability to maintain focus on a particular 
stimulus over time. Deficits in this ability have been linked 
to lesions of the frontal lobes, regions of the cingulate 
gyrus, thalamus, corpus striatum, and reticular formation. 
The third component of attention is the ability to flexibly 
shift attention between different stimuli, which is linked to 
the functioning of the anterior cingulate gyrus, prefrontal 
cortex, and medial frontal cortex. The fourth component of 
attention is encoding, i.e., the processing of numeric infor- 
mation. This has been linked to hippocampal functioning. 
Deficits in both the focusing and sustaining components of 
attention were significantly related to prenatal alcohol ex- 
posure in a birth cohort of 464 subjects participating in a 
population-based epidemiological study (Streissguth et al., 
1994). Those studies of subjects with various levels of alco- 
hol exposure showed that attention deficits were frequent 
symptoms of prenatal alcohol exposure from age 4 through 
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14 years (Streissguth et al., 1984, 1986, 1993, 1994, 1995). 
The encoding component of attention described by Mirsky 
et al. (1991) was not addressed in the current small study. 
The components that were evaluated were focusing, shift- 
ing, and sustaining attention. 

Nanson and Hiscock (1990) indicated that the perfor- 
mance of children with FASFAE in attention tasks was 
similar to that of children who had received diagnoses of 
attention deficit disorder. Both patient groups made signif- 
icantly more impulsive errors in attention tasks than did a 
group of normal subjects. A similar pattern was found by 
Carmichael Olson et al. (1992) in a study of adolescents 
and adults. Patients with FAS were much more impulsive 
than the comparison group in tasks of letter cancellation 
and sustained visual attention. Unlike Nanson and Hiscock 
(1990), Coles et al. (1997) found that children with FAS 
performed somewhat differently in some tasks than did a 
group of children with attention deficit and hyperactivity 
disorder who showed similar intelligence quotient (IQ) 
scores. Children with attention deficit and hyperactivity 
disorder tended to have trouble focusing and sustaining 
attention, whereas children with FAS did not seem to have 
this difficulty as often. However, Coles et al. (1997) indi- 
cated that, because of the difficulty of the attention tasks 
that were administered, several practice trials were used. 
Subjects who were unable to complete the practice trials 
were not given the attention tasks. This would seemingly 
eliminate the low end of the distribution and bias the 
sample toward more highly functioning subjects. Therefore, 
these findings cannot be compared with the findings of 
other studies (Carmichael Olson et al., 1992; Nanson and 
Hiscock, 1990). 

The majority of previous studies of attention among 
patients with FASFAE have focused on visual aspects. 
However, auditory attention is also important, as Mateer et 
al. (1990) described in their work on the rehabilitation of 
acquired attention deficits. Studies in other clinical popu- 
lations, such as subjects with autism or schizophrenia, have 
found that auditory attention is often impaired, sometimes 
more than visual attention (Ciesielski et al., 1990; Grillon et 
al., 1991). To examine this in adolescents and adults with 
FAS, Kerns et al. (1997) performed a study with two tests 
of auditory attention. The 16 patients with FAS performed 
below normal levels on both auditory attention tasks (com- 
plex sustained attention and alternating attention to an 
auditory stimulus). Although their poorest performance 
was in verbal recall after a distraction task (counting back- 
ward), the subjects performed nearly perfectly under un- 
distracted auditory recall conditions. This suggests that 
attention disturbances may not be noticed under simple 
conditions but may become evident with increasingly com- 
plex tasks. 

To our knowledge, no investigation has assessed both 
visual and auditory attention, in the same study, with an 
FASFAE population. Also, most previous studies of 
alcohol-related attention problems focused on children and 

Table 1. Demographic Subject Information 
FAS FAE Control 

(fl = 51 h = 61 (fl = 9) 

Gender 
Male 
Female 

Age (years) 
Education level 
IQ score 
Positive psychiatric history 
Learning disabilitiedspecial 

education history 
Histow of substance abuse 

. .  . ,  . .  

4 3 3 
1 3 6 
20.4 21.2 20.8 
11 12.2 13.4 
89 95 109- 
215 4/6 219 
315 416 2/9 

315 016 019 
~~~ ~ 

-The IQ difference between control subjects and patients with FAS was 
significant at the 0.05 level. 

adolescents. The present study assesses young adults and 
measures both auditory and visual attention. We also 
present a new display method to help examine individual 
performance variability in a Continuous Performance Test 
(CPT) task. 

METHODS 

This report is derived from a pilot study for a large, 21-year, follow-up 
study assessing the neuropsychological sequelae of prenatal exposure to 
various alcohol levels. A sample of 11 nonretarded adult patients with 
FAS/FAE (summarized in Table 1) were selected from participants in the 
Fetal Alcohol Follow-Up Study of the University of Washington Fetal 
Alcohol and Drug Unit. All patients had been diagnosed as having FAS or 
FAE by experienced dysmorphologists, according to published criteria 
(Clarren and Smith, 1978). Patients ranged in age from 19 to 23 years. 
Education ranged from 9 to 13 years. IQ scores ranged from 75 to 117. 
Patients with IQ scores within the mentally retarded range (70 and below) 
were excluded from this sample. 

Subjects with FAS or FAE were compared with a group of nine 
nonpatients who were nonretarded, were matched for age, and had no 
known prenatal alcohol exposure, no history of head trauma involving loss 
of consciousness, no history of neurological disturbances, and no current 
psychiatric problems. The control group ranged in age from 19 to 24 years. 
Education ranged from 10 to 16 years. IQ scores ranged from 88 to 138. 
Groups were not further matched with respect to IQ, because decreased 
IQ scores are frequently correlated with prenatal alcohol exposure. 

Four tests of visual and auditory attentional functioning were admin- 
istered as part of a larger neuropsychological battery of tests thought to be 
sensitive to the effects of prenatal alcohol exposure (Kerns et al., 1997; 
Streissguth et al., 1994). Two of these tests [the Letter Cancellation Test 
(LCT) and CPT] were selected from the National Institute of Mental 
Health Attention Battery (Mirsky et al., 1991) to measure focusing and 
sustaining attention, respectively. Two other tests were selected as audi- 
tory measures of attentional functioning [the Consonant Trigrams Task 
(CIT) and Attention Process Training Test (AFT)]. The Wechsler Adult 
Intelligence Scale-Revised was used to assess the relationship between 
intelligence and attention. The full battery of tests averaged 6 hr (range, 
5-7.5 hr). The first of the attention tasks (LCT) was administered after 
approximately 2 hr of testing and the second (C'IT) after approximately 3 
hr of testing. The last two (AFT and finally CPT) ended the testing 
session. Additional tasks were not included because of the length of the 
battery. The four attention tests were administered as follows. 

A shortened version of the Talland LCT (Talland, 1965), in which only 
one trial of each condition was used, was administered. This test measures 
the ability of the subjects to focus visual attention. The subjects are 
required to scan pages filled with letters, searching for either capital letters 
or double spaces on the page. False alarms and omissions were recorded 
for each search. 
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Table 2. Group Means, SDs. and t Ratios for 29 Attention Scores for Control Subjects and Patients with FAS/FAE 

FAS/FAE Control 

Tests Mean S D  Mean SD t ratios 
Visual battery 

LCT capital letters omissions 
LCT capital letters false alarms 
LCT double space omissions 
LCT double space false alarms 
LCT both omissions 
LCT both false alarms 
CPT X errors of omission 
CPT X false alarms 
CPT X reaction time 
CPT X SD of reaction time 
CPT AX errors of omission 
CPT AX false alarms 
CPT AX reaction time 
CPT AX SD of reaction time 

CPT tone errors of omission 
CPT tone false alarms 
CPT tone reaction time 
CPT tone SD of reaction time 
APT sustained attention correct responses 
APT sustained attention false alarms 
APT selective attention correct responses 
APT selective attention false alarms 
APT alternating attention correct responses 
APT alternating attention false alarms 
APT divided attention correct responses 
APT divided attention false alarms 
CTT 3-sec delay 
CTT 9-sec delay 
CTT 18-sec delay 

Auditory battery 

4.4 
0.8 
4.2 
0.8 
5.1 
0.6 
1.5 
1.2 

40.6 
8.3 
4.8 
3.0 
9.4 

35.3 

10.8 
19.6 
44.2 
15.0 
27.5 

0.8 
27.8 

0.7 
18.1 
3.3 

25.5 
1.3 

10.8 
8.2 
5.1 

3.9 
1.3 
4.6 
1.5 
6.4 
1.8 
2.2 
1.9 
4.1 
1.9 
4.6 
4.1 
4.4 
7.3 

7.7 
37.4 
6.2 
5.9 
2.6 
1 .o 
2.6 
1.4 
7.4 
4.2 
4.0 
1.5 
2.4 
2.8 
3.0 

2.9 
0.3 
2.1 
0.4 
2.7 
0.2 
0.1 
0.2 

37.4 
8.0 
2.1 
0.9 
7.9 

35.8 

1.7 
1.6 

39.9 
10.9 
29.9 
0.2 

29.9 
0.0 

25.8 
0.8 

28.7 
1.4 

13.3 
10.4 
7.9 

2.3 
0.7 
2.9 
1 .o 
3.0 
0.7 
0.3 
0.4 
3.0 
2.2 
3.1 
1.5 
3.1 
9.4 

1.5 
1.1 
5.2 
1.5 
0.3 
0.4 
0.3 
0.0 
5.9 
1 .o 
1.9 
1.7 
1.4 
1.6 
3.4 

+0.43 
+ 1.05 
i 1.39 
+0.54 
+0.72 
+0.51 
+1.97 
+1.27 
+1.87 
+0.36 
+1.63 
+1.70 
+0.14 
-0.86 

+4.59 
+1.98 
+ 1.65 
+2.06 
+2.99 
+ I 5 1  
+2.80 
+ 1.63 
+2.09 
+1.17 
+2.50 

+2.73 
f2.16 
+1.97 

-0.08 

~ _ _ _ _ _  

a The t ratios pertain to transformed variables (see text) The positive t ratios are in the expected direction. 

The Brown-Peterson C I T  (Peterson and Peterson, 1959) requires the 
subjects to recall three orally presented consonants after 3-, 9-, and 18-sec 
distraction tasks (counting backward by threes). The CTT assesses the 
ability of the subjects to simultaneously maintain two sets of auditory 
information and to shift their attention between the two. The number of 
letters recalled after each delay period was recorded. 

For the CPT (Sunrise Systems, Pembroke, MA) (Mirsky et al., 1991, 
1992), three conditions were used, i.e., a simple item visual discrimination 
trial (X, 4 min in length), a trial in which the subjects were asked to 
respond to X only after presentation of A (AX, 6 min), and an auditory 
discrimination task (6 min, responding to a high-pitched tone). Two of 
these tasks ate commonly used visual sustained attention tasks. The third 
task assesses an auditory version of sustained attention. Correct responses, 
omissions, and false alarms were tallied for each condition. Reaction times 
and SDs were computed. 

The APT (Sohlberg and Mateer, 1989) is presented on audiocassette 
and assesses auditory attention processes under four conditions. (1) The 
sustained attention involves a task of simple stimulus discrimination, 
similar to the X trial in the visual CPT. (2) The selective attention is 
similar to the AX condition in the visual CPT and involves another form 
of sustained attention ability in the model of attention described by Mirsky 
et al. (1991). (3) The alternating attention involves a task in which the 
subjects must alternate between response criteria (switching from re- 
sponding to 2 followed by 5 to responding to 5 followed by 2), as an 
example of an auditorially mediated attention shift. (4) The divided 
attention requires the subjects to perform an auditory selective attention 
task while completing a visual scanning letter-cancellation task and is 
another test of shifting attention. Correct responses and false alarms were 
counted. 

The four tests used in this study here generated 29 outcome scores. 
Three of these were counts of the number of correct responses (from the 
CTT), and six were reaction time means and SDs from the CPT. The 

remaining 20 were error scores. Because error scores typically have 
skewed distributions, these were transformed to logarithmic scores for 
analysis [log(number of errors + l)]. Group differences were assessed by 
t tests of individual scores (Table 2), and first principal-component scores 
were computed separately for the auditory and visual tests (Fig. 1). 

RESULTS 

The results of the current study show that attention 
disturbances are seen in adults with FASFAE in both 
visual and auditory tests. In visual tasks of attention, all but 
one of the measures (SD of reaction time in the A X  task of 
the CPT) showed differences in mean performance, in the 
expected direction of subjects with FASFAE performing 
more poorly than control subjects (Table 2). 

Likewise, all of the tasks of auditory attention exhibited 
group mean differences in the expected direction, except 
for the number of false alarms in the APT divided attention 
task. In the CPT auditory task, patients with FASFAE 
made significantly more errors of omission and showed a 
higher SD of reaction time than did comparison subjects. 
They scored fewer correct responses under all four condi- 
tions of the auditorially based APT and fewer correct re- 
sponses under all conditions of the CTT. 

The first principal component of the 15 auditory scores 
included the auditory CPT, APT, and ClT.  It was clearly 
defined, even in this small sample, as a fairly evenly 
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0 Nonpatient 
A FAE 

FAS 

Fig. 1. Patterns of inattention. The net principal- 
component auditory attention scores are plotted 
against the net visual attention scores: points are 
labeled with the diagnoses and (in parentheses) the 
full-scale 10 scores. The scores on both axes rep- 
resent a continuum of performance, in which a 
higher score on either axis indicates poorer perfor- 
mance on the principal component of attention. 
Letters identify single subjects. Within the FAWFAE 
group, some subjects show deficits of both auditory 
and visual attention (upper right cluster) and others 
show neither (lower center, adjacent to control sub- 
jects). 

I I I I ! I 

-2 0 2 4 6 8 

Auditory Tasks 1st Principal Component 

weighted combination of all of the (standardized) scores 
except for false alarms in the alternating attention and 
auditory divided attention tasks of the APT, which were 
weakly correlated with the rest of the battery. The 11 
patients with FASFAE accounted for the eight worst 
(highest) scores in this auditory principal component. The 
first principal component of the 14 visual scores reflected 
mainly the visual CPT and LCT tasks. The five worst scores 
in this visual attention summary were observed for patients 
with FAS/FAE. These five subjects (Fig. 1, upper right 
cluster, subjects I, D, G, T, and R) clearly had difficulty 
with both visual and auditory tasks. Three additional pa- 
tients with FAS/FAE had less severe auditory problems, 
and three exhibited results within the range of the contrOl 
scores. All six of these latter patients showed results within 
the range of the control values for visual attention. 

To test the significance of the group differences in the 
auditory and visual summary scores without making distri- 
butional assumptions of normality, we performed a permu- 
tation test (Good, 1994). The group labels “FASFAE” and 
“Control” were randomly permuted over the cases 1000 
times, and the resulting two-sample t statistics were com- 
puted to represent the “null” distribution corresponding to 
no group effect on the principal-component scores. The 
results (Fig. 1) indicate a clearly significant difference be- 
tween patients and control subjects for the auditory tasks 
(p = 0.002) and a more modest difference for the visual 
tasks (p = 0.044). 

The average difference indicated by these test statistics 
conceals more important patterns in Fig. 1. Figure 1 shows 
that the five patients with FAS/FAE and the poorest audi- 
tory and visual attention scores had five of the six lowest IQ 
scores. However, we also observed that the patients with 
FAS or FAE who had only moderate attention deficits 
showed a wide range of IQ scores (IQ scores of 84-113). In 

this small sample, IQ seemed insufficient to explain the 
differences in attention between these two groups of pa- 
tients; larger studies will be needed to further evaluate this. 

Some light was shed on the relationship between IQ and 
attention by examining the individual CPT tone records. Of 
the 29 attention scores represented in the principal- 
component analysis, the score for auditory tone errors of 
omission was the single most discriminating in separating 
subjects with FAS/FAE from control subjects (t  ratio = 
+4.59) (Table 2). Compared with the use of only average 
scores for individuals as a measure of attention (as in Table 
2), the patterns of successes and failures to attend across 
the entire 6 min of the auditory CPT provide more infor- 
mation regarding attention deficits. Figure 2 presents data 
for four subjects with similar IQ scores (subjects N, J, T, 
and D) who showed disparate temporal patterns of atten- 
tion during the 6-min CPT tone task. Each graph in Fig. 2 
depicts all responses made by one subject during this task. 

The upper two graphs in Fig. 2 represent a control 
subject with an IQ of 90 (subject J) and a patient with FAS 
with an IQ of 84 (subject N). Their patterns of attention 
showed some similarities and some differences. They ex- 
hibited almost no false alarms or late responses and showed 
little variation in reaction time. However, the patient with 
FAS (subject N) made many errors of omission, primarily 
during the first half of the task, whereas the control subject 
did not. This patient with FAS (subject N) apparently 
became attentive halfway through the task and then showed 
a performance record that was very similar to the record for 
the control subject. However, subject N accrued so many 
omission errors in the earlier portion of the test that his 
overall omission score (n = 13) was comparable to that of 
subject D (n = 14) and worse than that of subject T (n = 

7), both patients showed markedly poor attention overall. 
The lower two graphs in Fig. 2 (subjects T and D) show 
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Correct response 
Correct, but late response 

A Correct, but quick response 
x False alarm 
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False alarm, quick response 
@ 

0 Omission 

False alarm, quick response, correct to previous 
False alarm, correct to previous 

Subject N : FAS , FSIQ = 84 VIQ = 77 PI0 = 98 
1 

Fig. 2. Individual differences in CPT tone task 
performance during a 6-min period. Runs of correct Subject T : FAS , FSIQ = 85 VIQ = 79 PI0 = 98 

x responses are represented by black lines. The tick a, x o x  
X .  marks on the horizontal axis represent the times at 

which the critical stimuli appeared. The tick marks 
on the vertical axis indicate the distribution of all 
reaction times. FSIQ. full-scale IQ score: VIQ, verbal 
IQ score; PIQ, Performance IQ score. , ~ ~ ~ ~ ~ ' ~ ~ ~ ~  1 1 1 1 1 l n  1 1 1 1  ~ ~ 1 . ~ 1  u i  I I I I I  11 l l ~ ~ ~ u , ~ ~ ~ ~  U I ~ U ~ ? ? )  

0 

$2 

0 100 200 300 
stimulus # 

Subject D.: FAE , FSlQ = 85 VIQ = 87 PIQ = 86 
I 

0 100 200 , 300 
stimulus # 

many errors of commission and omission, late responses 
spaced intermittently throughout the trial, only short runs 
of consecutive correct responses, and tremendous variabil- 
ity in reaction times. Subjects T and D, who clearly have 
severely disrupted attention, are adults with FAS and FAE, 
respectively. Their performance was characteristic of that 
of four of the five patients in the subgroup in Fig. 1 (upper 
right cluster). 

What accounts for this variability in attention? It does 
not seem to be a function of IQ alone. Subject J (a nonpa- 
tient) exhibited a full-scale IQ of 90, whereas the two adults 
with FAS and the adult with FAE exhibited almost identi- 
cal full-scale IQ scores (84, 85, and 85, respectively). Both 
subjects with FAS showed a 6- to 7-point discrepancy be- 
tween verbal and performance IQ scores, with the verbal 
IQ score being lower. One might wonder whether some 
adverse environmental factors could account for these dis- 
crepant attention findings. However, all three of these 

adults with FAS or FAE were raised in nurturing families 
during childhood and had good educational opportunities, 
raising doubts regarding adverse environmental effects. 

DISCUSSION 

Several new findings are suggested by this small sample 
study. The presentation of individual performance records 
across time (Fig. 2) and the scatter comparing the perfor- 
mance of each individual in composites of both auditory 
and visual attention scores (Fig. 1) have facilitated detec- 
tion of individual differences in attention that should be 
useful in understanding the functioning of alcohol-affected 
individuals. 

Statistically significant attention deficits in both auditory 
and visual tests were observed for these patients with FAS/ 
FAE, but the strongest effects were observed in auditory 
tests. The three most effective tests in discriminating these 
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deficits in patients with FAS/FAE were the CPT tone task, 
APT, and CTT (all three of the tests in the auditory bat- 
tery). Not all scores for these tests were equally effective. 
The most discriminating scores were two of the four CPT 
tone task scores, four of the eight APT scores, and two of 
the three CTT scores. These eight most discriminating 
scores included seven that measured errors of omission and 
one (from the CPT tone task) that measured SD of reaction 
time. 

One previous study of subjects with FAS or FAE found 
that 94% of the sample group reported histories of positive 
mental health problems (Streissguth et al., 1997). Table 1 
indicates that six of our affected patients reported positive 
psychiatric histories, compared with only two control sub- 
jects. However, the worst performers in both auditory and 
visual attention tasks had not reported histories of psychi- 
atric troubles. Seven affected patients, compared with two 
control subjects, reported histories of learning disabilities 
or participation in special education, a finding consistent 
with those of another study in this population (Streissguth 
et al., 1997). A history of learning disabilities does not seem 
to be a confounding variable, because attention can be 
considered a vital component of learning abilities. 

In our study, patients with IQ scores within the mentally 
retarded range were excluded from the sample. In another 
study of 473 subjects with FAS or FAE, only 9% of the 
FAE sample and 27% of the FAS sample had IQ scores 
within the mentally retarded range (Streissguth and Kanter, 
1997). Therefore, our decision to select patients with IQ 
scores of >70 did not severely truncate the range of IQ 
scores commonly observed for this population. 

In the terminology of the theory of attention described 
by Mirsky et al. (1991), alcohol-affected subjects showed 
deficits in the focusing, sustaining, and shifting components 
of attention in the auditory modality and in the focusing 
and sustaining components of attention in the visual mo- 
dality. Based on this, we could expect to find damage to 
many of the brain structures described by Mirsky et al. 
(1991) as being associated with these types of attention 
deficits. These include the parietal and frontal lobes, pre- 
frontal and medial frontal cortex, cingulate gyrus, and re- 
ticular formation. Neuroimaging studies at various sites in 
the United States are underway to assess many of these 
brain regions. 

This study suggests that the attention deficits so often 
noted in children and adolescents with FAS/FAE also oc- 
cur in adulthood. However, the pattern of attention distur- 
bances in these adults may be somewhat different from the 
familiar one. Whereas Carmichael Olson et al., (1992) and 
Nanson and Hiscock, (1990) found that children and ado- 
lescents with FAS exhibited many false alarms and were 
impulsive in their responses, the current study of adults 
with FAS indicates a somewhat different pattern. The 
adults with FAS or FAE in our sample made more errors of 
omission, in addition to errors of commission, and seemed 
somewhat inattentive, rather than solely impulsive. Previ- 

ous studies of children and adolescents showed attention 
disturbances in visual tasks, but auditory attention was not 
measured (Carmichael Olson et al., 1992; Coles et al., 1997; 
Nanson and Hiscock, 1990). The current study of adults 
with FASFAE reveals auditory attention deficits in addi- 
tion to visual deficits. In that regard, our findings replicate 
those of the other study of adult patients with FAS using 
auditory attention tests, although that study did not mea- 
sure visual attention (Kerns et al., 1997). 

Auditory attention and visual attention have been jointly 
studied in a number of other populations. Patients with 
petit ma1 epilepsy who were evaluated with respect to 
event-related brain potentials exhibited auditory attention 
that was more impaired than visual attention (Duncan, 
1988). In a CPT study of Irish schizophrenics and their 
relatives, Mirsky et al., (1995) found that auditory attention 
was much more impaired than visual attention; in fact, 
almost one-half of the schizophrenics and almost one-half 
of their schizophrenic adult relatives could not even com- 
plete the CPT auditory attention tasks, in contrast to non- 
schizophrenic relatives who had no trouble completing the 
tasks. A study of German schizophrenics also found audi- 
tory CPT performance more affected than visual CPT per- 
formance (Mussgay and Hertwig, 1990). In a more recent 
study of children with attention deficits, Mirsky et al., (in 
press) found similar discrepancies between auditory and 
visual attention in the CPT. However, in that group the 
discrepancy between the two modalities of attention was 
not as marked as in the schizophrenia or petit ma1 epilepsy 
studies. Further studies of auditory/visual discrepancies 
among subjects with FAS/FAE and other populations 
should be of interest. 

In the present study, we detected a subgroup of five 
patients (some with FAS and others with FAE) who exhib- 
ited exceptionally large deficits in both modalities of atten- 
tion. They shared another specific characteristic, namely 
high SDs of reaction times in the auditory task. Three of 
these patients also showed high SDs of reaction times in the 
AX task. In light of these findings (albeit from a small 
sample), we suspect that there is a heterogeneity hidden in 
these diagnoses; some patients with FASFAE have this 
distinct attention deficit and others do not. Although, on 
average, the patient group seemed to have more severe 
auditory deficits than visual deficits, the auditory and visual 
deficits were equally severe in this subgroup with greater 
deficits. Detection of this subgroup, which accounts for 
almost all of the mean differences between patients and the 
comparison group, required inspection of the scatter in Fig. 
1 and was not apparent from statistical tests of group 
averages. 

An important feature of the present study involves the 
greater clarity of individual deficits revealed by the individ- 
ual 6-min performance records from the CPT auditory tone 
task. Attention lapses were revealed here that were not as 
discernible from average scores of individual performances 
across time. Here we see that marked differences in pat- 
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terns of auditory attention were manifest even among in- 
dividuals with similar IQ scores, from apparently similar 
benign environments. Further application of this method- 
ology should be important in clinical settings. 

Future studies should assess auditory attention in chil- 
dren and adolescents with FAS/FAE, to determine whether 
some have deficits similar to those found here. They should 
also explore the possible relationship between auditory 
attention and the auditory impairments known to be asso- 
ciated with prenatal alcohol exposure, by specifically testing 
for auditory impairments (Church and Kaltenbach, 1997; 
Rossig et al., 1994; Steinhausen et al., 1982b; Streissguth et 
al., 1985). The present study did not explicitly assess hear- 
ing acuity. Although no subject acknowledged a diagnosed 
hearing impairment or the use of hearing aids, the subjects 
could have been unaware of auditory problems, particularly 
if the problems had been lifelong. Visual disorders have 
also been noted for patients with FAS or FAE (Stromland 
and Hellstrom, 1996). Although this study did not specifi- 
cally assess visual acuity or visual disorders, subjects wore 
corrective lenses when appropriate. Future studies would 
benefit from specific testing for visual disorders, to better 
explore possible relationships between these disorders and 
visual attention problems. 

The current findings of auditorially mediated attention 
disturbances have important clinical implications. We think 
that auditory attention as well as visual attention should be 
assessed to more precisely characterize the deficits of pa- 
tients with FAS/FAE. The attention disturbances observed 
for children with FAS/FAE do not disappear, as is often the 
case with facial malformations. The deficits are still present 
in adulthood, and they could negatively affect the ability of 
patients to function adequately and appropriately in em- 
ployment environments and in social and personal relation- 
ships. In light of the considerable variability in performance 
among individuals, it is important that patients with FAS/ 
FAE be examined individually, with appropriate tests, to 
identify their particular patterns of cognitive strengths and 
weaknesses. 
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