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In a double blind, crossover study of the response of autistic subjects to fenfluramine, event-related potentials (ERPs) were 
recorded from 7 subjects on an attention-demanding auditory choice reaction time task (ACRT). ACRT, 1Q and biochemical 

measures were taken after 5 months placebo and 5 months fenfluramine treatment. After fenfluramine treatment blood serotonin 

levels fell, urinary catecholamine levels fell and the HVA/DA ratio rose. IQ and ACRT performance improved. On the ACRT 

subjects were asked to press a button to a rare target (500 Hz, P = 0.14) and to ignore higher pitched rare (2000 Hz, P = 0.14) and 

frequent non-targets (1000 Hz). After fenfluramine treatment Nl latencies increased. The scalp distribution of ERP maxima changes 

slightly with treatment. P3 maxima elicited by rare non-targets were recorded more rostrally after fenfluramine treatment. After rare 

non-targets Nl amplitudes at Fz decreased but P3 amplitudes at Pz increased. Early negativity after the rare non-target (particularly 

on the right side) was negatively correlated with the HVA/DA ratio. Subtraction of the P3 component elicited in a passive condition 

where no response was required from the active condition showed that P3 positivity to targets was halved with treatment, (In contrast 

Nd increased on fenfluramine treatment). Overall, Nl and P3 components showed greatest responsivenes to rare non-targets on 

fenfluramine. Nl but not P3 changes may represent slight improvement of attention-related function with treatment. Small changes 
in ERP latency and distribution, associated with the neuroleptic action of fenfluramine may be partly responsible for a mild 

improvement of IQ and ACRT performance on medication. 

INTRODUCTION 

In childhood autism there are disturbances in 
social relating, communication, language, response 
to objects, sensory modulation and motility 
(Ornitz, 1985). Although 75% of autistic children 
may be mentally retarded, they are usually not 
impaired in visuo-spatial or perceptual skills 
(Kanner, 1943; Rutter, 1983). But they do have 
difficulty in learning and discrimination tasks 
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(Frankel et al., 1984; Miyashita, 1985) and in 
selecting and encoding meaningful stimuli 
(Hermelin and O’Connor, 1970). Thus current re- 
search emphasizes an attentional dysfunction in 
autism (Damasio, 1984). 

A recent multi-centre study (Ritvo et al., 1983; 
1986) found that fenfluramine elicited mild behav- 
ioral improvement in some subjects. Improvement 
may be more prominent in children with higher 
IQs (Stubbs et al., 1986; Campbell et al., 1986; 
but not Campbell et al., 1987). Yet it is seldom 
that fenfluramine treatment changes global mea- 
sures of IQ (August et al., 1984). Rather, improve- 
ment is found on specific measures (e.g. of atten- 
tion; digit span, Ho et al., 1986). 
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Let us consider first the effect of fenfluramine 
on attention-related function, as shown by study 
of event-related potentials (ERPs), and second its 
effect on neurotransmitter activity. 

ERP studies 
The amplitude of a stimulus-elicited early nega- 

tive ERP component (Nl), usually maximal at 
frontal sites, increases in response to rare deviant 
stimuli (Hink et al., 1978). It is claimed to reflect, 
in part, an early stage of selective attention (Han- 
sen and Hillyard, 1980). The amplitude of a later 
positive P3 component, often maximal at parietal 
sites, varies with the probability of occurrence of a 
task-relevant event (Duncan-Johnson and 
Donchin, 1977). P3 latency increases with task- 
difficulty, often covarying with reaction time (Mc- 
Carthy and Donchin, 1981; Ford et al., 1982). 

With respect to adults children show longer 
ERP latencies (Goodin et al., 1978; Halliday et al., 
1984). Autistic and psychotic children are reported 
to show auditory and visual ERPs (inc. Pl, Nl, P2 
and P3) with shorter latencies than healthy 
children (Small et al., 1971; Saletu et al., 1975; 
Martineau et al., 1984a; not Courchesne et al., 
1984; 1985). ERPs in children are often smaller 
than in adults. On a variety of auditory tasks 
ERPs in autistic subjects, (particularly Nl and P3 
amplitudes, but not always both), have been found 
to be smaller than in age-matched controls (Small 
et al., 1969; 1971; Ornitz et al., 1972; Lelord et al., 
1973; Novick et al., 1980; Martineau et al., 1984b; 
Niwa et al., 1983; Courchesne et al., 1984; 1985). 

In a two-tone auditory discrimination, frequent 
non-target tones were found to elicit larger Nl-P3 
amplitude differences at the vertex in autistic than 
normal children. Fenfluramine treatment reduced 
this increase (August et al., 1984). The first pur- 
pose of our study was to extend these results by 
separately recording ERPs (a) from 3 midline and 
4 lateral sites and (b) in a task situation where the 
information load clearly places demands on selec- 
tive attention abilities (cf. Damasio, 1980, above). 
In such a task subjects discriminate rare target 
from rare and frequent (standard) non-target tones 
presented rapidly in sequence (Pfefferbaum et al., 
1984). 

Biochemical studies 

Ritvo et al. (1986) reported that fenfluramine 
reduced high blood serotonin (5-HT) levels in 
autistic children. Fenfluramine reduces central 
levels of 5-HT and its metabolite 5-hydroxyin- 
doleacetic acid (5-HIAA). The (+)-enantiomer 
shows anorectic properties, promotes the release 
and inhibits the re-uptake of 5-HT at clinically 
relevant doses (Rowland and Carlton, 1986; In- 
vernizzi et al., 1986). 

High levels of 5-HT in blood have been con- 
sistently reported over the last 25 years (Schain 
and Freedman, 1961) for many (Hoshino et al., 
1984) but not all subjects diagnosed autistic (Ho 
et al., 1986) or mentally retarded (Cohen et al., 
1977). There are conflicting reports on changes in 
the noradrenaline (NA) system of autistic children 
(review, Young et al., 1982). Decreased urinary 
levels of free NA and the metabolite MHPG have 
been found. But plasma and CSF MHPG are 
reported unchanged. Increases and decreases of 
the synthesizing enzyme DBH are reported in 
autistic and psychotic children. In general it would 
appear that NA synthesis and breakdown is de- 
creased in autism. 

The (-)-isomer of fenfluramine has dopamine 
(DA) antagonist properties (Rowland and Carl- 
ton, 1986; Invernizzi et al., 1986). Urinary excre- 
tion of the DA metabolite homovanillic acid 
(HVA) was reported to be high in autistic subjects 
(Martineau et al., 1984b; Garnier et al., 1986). 
Cohen et al. (1977) found CSF levels of HVA and 
5-HIAA were correlated in autistic and psychotic 
children (0.62 and 0.77 respectively). CSF-HVA 
levels were not elevated in autistic subjects as a 
group, but were higher in those with more severe 
motor and stereotypy problems (Young et al., 
1982). Gillberg and Svennerholm (1987) reported 
markedly increased CSF-HVA levels and larger 
HVA/MHPG ratios. The second purpose of this 
study was to compare urinary levels of NA, DA 
and HVA at the end of placebo and fenfluramine 
treatments and see if these correlated with ERP 
task-related variables measured at the same time. 

This report is part of a larger placebo-con- 
trolled, double-blind. crossover study of the ef- 
ficacy of treatment of autistic children with 
racemic fenfluramine. Reports on blood levels of 
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fenfluramine, 5-HT and other measures of cogni- 
tive, language and social behavior are published 
separately (Badcock et al., 1987; Stern et al., in 
press). 

METHODS 

Subjects 
From the original 20 autistic subjects (DSM 

III) of the clinical trial, only 7 understood the task 
and provided sufficient artifact-free recordings. 
All preferred to use their right hand (6 male, one 
female: age range, 5.8 to 17.7 years (mean 11.3 y, 
S.D. 4.0)). Reports from subjects and/or their 
parents indicated that hearing was normal. This 
was confirmed by pure tone audiometry in some, 
but in others who were non-compliant, hearing 
was estimated to be normal after impedance 
audiometry and vocabulary tests showed no pe- 
ripheral hearing losses. 

General procedure 
Children and their parents or guardians visited 

the laboratory in the last month of each 5-month 
counterbalanced placebo and fenfluramine period. 
Before crossover all subjects received placebo for 
two months. Investigators and subjects were blind 
to the treatment condition. A familiarization visit 
was followed by another on which ERPs were 
recorded. Data were recorded within a week of 
psychological testing and urine collection. During 
auditory choice reaction time task (ACRT) pre- 
sentation subjects sat in a sound-attenuated room 
under subdued lighting with their eyes open and 
were asked to fixate a point in front of them. 

A CRT and intelligence tests 
In the ACRT (Pfefferbaum et al., 1984) pure 

sinusoidal tones (500 Hz, P < 0.14; 1000 Hz, P < 
0.72; 2000 Hz, P < 0.14) were played through 
Telephonics earphones (TDH-49P) at 50 dBSL 
(SL default value 20 dB) against a background of 
white noise at 20 dB above threshold (intertrial 
interval, minimum 500, maximum 1300 ms) in a 
computer-generated pseudo-random order. The 
two rare tones could not occur in succession. The 

tones lasted 80 ms, excluding a 10 ms rise and 10 
ms fall time. 

Tones were presented in 140-trial blocks (ca. 4 
mm) in passive and active conditions. In the pas- 
sive condition subjects were asked to listen to the 
tones and keep still. In the active condition sub- 

jects were asked to press a button on a response 
panel to each low tone (n = 20). A pressure of 100 
g on the button operated a microswitch. In ad- 
dition to the ERP, the reaction time, errors of 
omission and commission, the number of trials 
accepted and those rejected through artifact, slow 
or fast responses were recorded. 

Usually three active trial blocks were presented 
with short rest pauses between. Three subjects 
required an extra session to increase the number 
of accepted target trials above 10. Training and 
practice was required between the first passive and 
the active blocks. In the instructions emphasis was 
placed on keeping still, accuracy and speed. 

IQ was rated on the Leiter or non-verbal com- 
ponents of the British Ability Scales for subjects 
over 15 years. These scales were chosen to avoid 
confounding with practice effects likely with other 
scales commonly used in South Australia. The 
tests were performed by the subjects at home in 
the last two weeks of each treatment condition. 

Data acquisition and recording procedures 
EEG activity was recorded with an electrode 

cap (ACI, Electrocap International) from tin elec- 
trodes located in midline frontal (Fz). central (Cs) 
and parietal (Pz) and from lateral sites (F,, F4, Pj, 
P4). Subjects were grounded with an electrode on 
the forehead and activity referenced to linked 
earlobes. A similarly referenced vertical electro- 
oculogram was recorded from an electrode close 
to the supraorbital ridge of the right eye. Elec- 
trode impedances were never above 6 kfi and 
usually half that value. 

P511 K Grass amplifiers with an upper and 
lower half-amplitude cut-off of 30 and 0.01 Hz, 
respectively, and a 50-Hz notch filter were used at 
an EEG amplification of 5 x lo4 (EOG, 5 x lo-‘). 
Data, managed on-line by a LSI 11/73 computer, 
were digitized at a sample rate of 1 ms for 1 s 
beginning 100 ms before stimulus onset. Trials in 
which the EEG was contaminated by movement 
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artifact were eliminated if one in ten samples 
exceeded a threshold of k90 pV. 

Data analysis 

All peak measures were computed from volt- 
ages averaged with respect to the 100-ms pre- 
stimulus epoch for each tone-stimulus condition 
separately. Averaged ERP waveforms were digit- 
ally filtered (triangular filter: - 3 dB at 15 Hz, 
half amplitude 21 Hz). Nl peak negativity or P2, 
P3, P4 positivity was sought in the following 
windows (ms, post-stimulus): Nl, 120-240; P2, 
150-300; P3, 300-600: P4,600-900. P3 was taken 
as the earlier more positive wave in the P3 or P4 
window. SW positivity, subsequent to P3 identifi- 
cation, was sought in the 650-900 ms window. 
Difference wave forms were obtained firstly by 
subtracting components elicited by the target and 
non-target in the active condition and secondly by 
subtracting the components elicited by the same 
‘target tone’ in the active and passive conditions 
(cf. Hansen and Hillyard, 1980). The average 
negativity on the first 400 ms (NW) was taken as a 
putative indicator of arousal (Bjorn et al., 1986). 

After recording the topographic distribution of 
maximum averaged Nl and P3 waves for individ- 
ual subjects, grand mean data were analysed at Fz 
and Pz sites respectively. Unless otherwise stated 
repeated measures analyses of covariance were 
performed for 7 subjects. Chronological age was 
used as a covariate as it was found that after 
removal of the blind our subgroup of subjects was 
not counter-balanced on this factor as in the autis- 
tic group as a whole. Initially a 3-way MANOVA 
on the midline ERP data was performed (2 treat- 
ment, 3 tone conditions and 3 recording sites). 
Subsequently in view of missing data. in some 
cases reducing the number of subjects to 5, 2-way 
MANOVAs (2 treatment and 3 tone conditions) 
were also carried out. Significant results for Nl, 
NW, P3 and SW latencies and peak amplitudes 
were followed by post-hoc Tukey tests. 

Difference waveforms (T-‘T’, T-NT, NT-stan- 
dard) were individually examined by one-way 
analysis of variance on the effect of treatment. 
The amplitude of ERPs from lateral sites was 
similarly analysed before and after scaling of the 
voltage values (see McCarthy and Wood, 1985). 

Biochemical, behavioral and derived measures 
were analysed by paired t-test for related samples; 
(one-tailed tests were used only for biochemical 
measures where the effect of fenfluramine was 
predicted from its known pharmacological effects). 
Taking age into account Pearson partial correla- 
tion coefficients for variation of DA and its 
metabolism with ERP and performance measures 
were calculated (cf. results and Table IV). 

Biochemical analysis 

Urine (24 h) was collected in acid (pH 2) in the 
last month of each treatment period within 48 h of 
recording ERPs. The volume was measured and 
100 ml samples frozen at - 80” C. Separate 
analyses were run for (1) NA and DA and (2) 
HVA with HPLC and electrochemical detection. 
NA and DA were separated by an organic phase 
extraction (Smedes et al., 1982) and run in a 
mobile phase of phosphate buffer (pH 4.2) sodium 
octyl sulphonic acid (0.7 mM) and 10% (v/v) 
methanol. (inter/intra-assay variation < 6% and 
< 8%, respectively). HVA was extracted from 
Dowex AGl columns eluted with 10 ml 3 M 
sodium chloride and run in phosphate buffer (pH 
3.9) with 0.1 mM sodium octyl sulfonic acid and 
14% (v/v) methanol (Soldin, 1982; inter/intra- 
assay variation < 10% and < 11%). Data are pre- 
sented per mg creatinine and corrected for subject 
body area, calculated as a function of height and 
body mass. 

In the placebo period 14/20 subjects, but in 
both the placebo and fenfluramine periods only 11 
provided urine. Six of these were also subjects 
with ERP data (cf. ERP-biochemical correlations). 

RESULTS 

Urine analysis 
In the 55lo-year age group there were 8 and in 

the lo-19-year age group there were 6 autistic 
subjects who provided samples in the placebo 
condition. Whereas the mean of 33.3 mg/g 
creatinine for the older group is comparable with 
levels for normal children of 44.2 mg/g (n = 55; 
Soldin, 1982), levels in the younger group of 66.1 
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TABLE I 

Individual and behavioral data in the placebo and fenfluramine condition 

’ Leiter scale; 2 estimate from British Ability Scale; 3 proportion of trials rejected for movement artifact; 4 behavioral data calculated 

independently of movement artifact. 

Condition 

+ subject 

Placebo 

Subject 1 
2 

3 

4 

5 

6 

7 

mean/median 

Chronological Mental age 

age (months) (months) ’ 

212 191 2 

69 69 

96 151 

141 123 

116 106 

177 156 

139 65 

136,139 123,123 

Reaction Movement 

Time (ms) ( 70 reiect) ’ 

422 61 

526 18 

677 65 

608 32 

616 29 

576 24 

456 23 

557,576 36, 29 

Errors Criterion 

omission4 (beta) 

7 11.5 

80 23.4 

23 7.8 

63 15.9 

8 6.6 

10 6.6 

63 11.7 

36, 23 11.9, 11.5 

Fenfluramine 

Subject 1 
2 

3 

4 

5 

6 

7 

mean/median 

218 202 2 564 43 3 6.1 

62 51 609 28 64 14.0 

102. 135 645 68 13 6.9 

147 139 636 28 38 9.5 

123 118 650 34 0 6.0 

183 176 501 17 3 6.2 

132 67 545 26 64 11.4 

138,132 127,135 593,609 35,28 26 *, 13 8.6 *, 6.9 

* P < 0.05 (see text). 

are twice the value of 33.2 reported for normal 
children (n = 79). 

Of the 11 subjects providing two urine samples, 
5 were unable to perform the ERP part of the 
study. For these 5 there were no significant changes 
of NA, DA or HVA between treatments. In the 

fenfluramine period the other 6 subjects (in the 
ERP study) showed 45% less NA (I = - 3.4, P < 

0.02) a 25% drop of DA and increased HVA 
(224%) excretion (Table I). There was an increase 
of over 600% in DA metabolic activity shown by 
the metabolite/ transmitter ratio (t = - 1.9, P < 

TABLE II 

Levels of noradrenaline (NA), dopamine (DA), homovanillic acid (HI/A) and DA utilization (HVA /DA) in 24 h. 

Urine samples collected at the end of placebo (P) and fenfluramine (F) trial periods for autistic children (mg/g. creatine/m2). 
Sample (n 11) compared with sample (n 6) for which ERP data available, with chronological and mental ages (Leiter scale). 

NA (S. E. M.) DA (S. E. M.) HVA (S.E.M.) HVA/DA (S.E.M.) Chronological IQ (mean) 

months (mean) Leiter scale 

n.11 n6 nil n6 nil n6 nil n6 nil n6 nil n6 

P 37.0 38.4 497.8 477.8 48.4 36.7 0.104 0.082 119 129 78.4 87 

(4.0) (5.6) (79.0) (136) (11.6) (11.4) (0.023) (0.025) (8.8) (15.4) 
F 26.3 20.8 * 422.1 353.6 58.1 54.7 * 0.258 * 0.339 * 119 130 81.9 96 

(4.6) (5.7) (89.7) (123) (9.1) (11.9) (0.072) (0.122) (10.2) (15.9) 
F as 72.2 55.0 85.0 75.0 188.2 224.3 403.3 603.2 

SP (11.2) (15.1) (17.8) (27 ) (42.8) (54.2) (139.2) (227.2) 

* P < 0.05. 
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N, LATENCY 

Fig. 1. A: Nl amplitude (S.E.M., pV) at Fz elicited by low 
(target), high (rare non-target) and standard (common non- 

target) tones in the placebo (P, open bars) and fenfluramine 

condition (D, hatched bars). B: Nl peak latency (S.E.M., ms) 

at Fz after target, rare and common tones. * P < 0.05. 

0.05). This correlated negatively with NA levels 
( -0.74, P < 0.04). HVA is the main DA metabo- 
lite in man (Kopin, 1985). The metabolite/ 
transmitter ratio also may be used as an indirect 
index of utilization (Roth et al., 1976; Algeri et al., 
1987), assuming that fenfluramine did not alter 
the efflux of transmitter or metabolite and alter 
the proportion of centrally derived substances in 
the urine (Westerink and Kikkert, 1986). 

Tusk performance 

The proportion of data rejected due to move- 
ment artifact did not differ between conditions. 
Reaction time increased by a mean of 71 ms for 5 
subjects in the fenfluramine condition (Table I), 
but for the group of 7 there was a non-significant 
increase of only 6.5%. 

Fig. 2. A: P3 amplitude (S.E.M., I.LV) elicited by low (target). 
high (rare non-target) and standard (common non-target) tones 

in the placebo (P, open columns) and fenfluramine condition 

(D. hatched columns). B: P3 peak latency (S.E.M.. ms) after 

target, rare and common tones. 

Were subjects able to perform the task more 
successfully in the fenfluramine period? There were 
too few errors of commission to warrant a sep- 
arate analysis, but errors of omission decreased 
(27%). Signal detection measures of sensitivity (d’) 
showed no changes but measures of criterion (beta) 
decreased significantly (t = 2.4, P < 0.05; Table 
I). IQ measures increased on average 7.5 points in 
the fenfluramine condition for subjects providing 
ERP data (t, - 3.4, P < 0.02; Table II). Irrespec- 
tive of treatment there were trends for a negative 
association of DA level with IQ and reaction time 
(both -0.64, P < 0.08) and a positive association 
with measures of criterion (0.62, P < 0.09). 

TABLE III 

Changes of midline sites for NI and P3 maximum amplitudes with stimulus (target, non-target and standard), placebo and Jenfluramine 

treatment. 

Data are numbers of subjects with maxima at Fz, Cz. Pz to rare and standard tones. 

Target 

FZ CZ P: 

Non-Target Standard 

FZ CZ PZ FZ CZ P; 

Nl 
Placebo 4 3 0 4 0 3 3 2 2 

Fenfluramine 3 2 2 1 2 4 3 3 1 

P3 
Placebo 3 2 2 _ 2 5 2 2 3 

Fenfluramine 1 3 3 2 3 2 1 3 3 
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Distribution of midline ERP maxima 
Recording sites where Nl and P3 components 

were maximal showed a variable rostrocaudal dis- 
tribution in placebo and fenfluramine periods (Ta- 
ble III). To standards Nl and P3 maxima were 
relatively more rostrally and caudally distributed 
(respectively) in both treatment conditions. With 
fenfluramine frontal Nl maxima to both rare 

stimuli moved one or two recording sites caudally. 
This was significant for the rare non-target where 
only one rostra1 change was recorded (Fisher test, 
P < 0.05; e.g. subject 04, Cz to Pz, Fig. 3A). On 
placebo P3 maxima after rare non-targets were 
evident at caudal sites. In the fenfluramine condi- 
tion, while non-target P3 maxima tended to move 
rostrally (to Fz/Cz), target P3 maxima tended to 
move caudally (to Cz/Pz; e.g. subject 04, Fig. 3B). 
With one site-movement in the opposite direction 
in each case this is also significant at the 5% level 
on the assumption that Nl/P3 and target/non- 
target measures were independent (Table 3: cf. 7 
sites in 3-way MANOVA, below). 

Midline ERPs 
The acceptance rate for ERP data elicited by 

target stimuli ranged from 30 to 38% on placebo 
and fenfluramine conditions, respectively (mean 
number of target trials analysed (S.E.M.): placebo, 
27 (7); fenfluramine condition 30 (7)). 

NI latency. There was no main effect of treat- 
ment (df = 1,5; F = 2.5; P = 0.1). Yet latencies at 
Fz were longer on fenfluramine for most subjects 
(for 6 to targets, for 7 to standards, for 5 to rare 
non-targets; PO.02 > 0.05, Wilcoxon, Fig. 1). 

NI amplitude. Taking into account that Nl 
co-varied with age (df = 1,5; F = 8.5; P = 0.03) 
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there was a 3-way interaction (df = 4,24; F = 2.7, 
P = 0.05). Site made a minor contribution to the 
interaction (df = 2,12, F = 2.1, P = O.l), but there 
was a significant treatment-stimulus interaction 
(df = 2,12, F = 5.2, P = 0.023). Further (at Fz) 
there was a main effect of treatment (df = 1.5, 
F-11.3, P = 0.02). The main factor responsible 
was the reduced Nl amplitude to the rare non- 
target on fenfluramine (P -C 0.05, Fig. 1). Target 
Nl amplitude at Fz, which decreased only slightly 
on treatment (Fig. 3C,E), tended to correlate with 
DA levels (0.7, P -C 0.06). 

Subtraction of rare non-target from target com- 
ponents in the active task showed increased Nl 
negativity on fenfluramine (placebo, + 4.6, S.E.M. 
4.0; fenfluramine, -6.4, S.E.M. 2.7pV at Fz). The 
opposite was shown by subtraction of standards 
from rare non-targets (placebo -2.7, S.E.M. 8.2; 
fenfluramine, + 1.5, S.E.M. 5.4 pV). A two-way 
treatment (2) by stimulus (2) MANOVA showed 
no main effect but a significant interaction (df = 
1.6, F = 8, P = 0.03; for subtraction of non-target, 
t = + 2.6 and subtraction of standard, t = -2.6, 

P < 0.04). The latter measure was negatively corre- 
lated with DA levels (-0.7, ,’ < 0.05). 

Subtraction of low tone (‘target’) components 
obtained in the passive from the active task showed 
a smaller increase of negativity with treatment 
(placebo, -2.2, S.E.M. 8.3; fenfluramine, -3.9, 
S.E.M. 2.4 /.LV; df = 1,5, F = 3.7, P = 0.1). But 
Fig. 3G shows the wide distribution of this dis- 
tinct increase of negativity across all and particu- 
larly the more lateral sites. 

P3 latency. Fenfluramine did not significantly 
affect P3 latency (Fig. 2), although 3 subjects with 
very long latencies showed marked decreases with 

Fig. 3. Topographic maps of ERPs to targets obtained by 4-point inverse cubic interpolation from 7 scalp electrodes (Fz, Cz, Pz, F3, 
F4, P3, P4) applied to a 50 x 50 point matrix (Desmedt et al., 1987). Each map is labelled with subject number or mean, component 
(Nl or P3) and latency. A,B: single subject (04) maps show a rostrocaudal shift of midline Nl and P3 peak maxima with 
fenfhrramine relative to placebo treatment (cf. Table III). Note also a normalization of P3 topography with restriction of peak 
positivity to parietal regions after fenfluramine. This was not observed in all subjects. CD: single subject (03) maps show decreased 
frontal Nl negativity and increased, normalized P3 parietal positivity with fenfluramine treatment (cf. Figs. 1 and 2). This subject 
also shows a 200-ms reduction in P3 latency. E,F: maps of grand mean (GM) data (II, 6, due to missing data) show decreased frontal 
Nl negativity and increased parietal P3 positivity after fenfluramine (cf. Figs. 1 and 2). G,H: difference maps obtained by 
subtracting passive (‘T’) from active (T) condition grand mean ERPs to targets. They show increased frontal Nd negativity and 

decreased parietal positivity after fenfluramine treatment. 
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treatment (Fig. 4, right, Pz). There were no signifi- 
cant correlations with DA metabolism. 

P3 amplitude. A 3-way ANOVA (as above) 
showed a main effect of tone (df = 2,8, F = 13.6, 
P = 0.003). This reflects the ERP peaks to the two 
rare and not to the standard stimuli (Fig. 2). There 
was a trend towards larger peaks at Pz to the rare 
stimuli after treatment (df = 1,3, F = 4.9, P = 0.1; 
e.g. Figs. 3D,F and 4). DA levels tended to be 
negatively correlated with the target waveform 
( -0.63, P < 0.09). 

For P3 there was decreased positivity (n = 6, 
df = 2,4, F = 6.2, P = 0.059) after subtracting rare 
non-target from target (placebo; 6.1 S.E.M. 3.0; 
fenfluramine 1.8 S.E.M. 3.0) and standard from 
rare non-target waveforms (placebo, - 3.2 S.E.M. 
1.9; fenfluramine, - 10.5 S.E.M. 4.1) in the active 
task. 

After subtraction of passive from active task 
wave forms, target P3 amplitude at Pz was nearly 
halved in the fenfluramine condition (placebo, 
21.9 S.E.M. 5.2; fenfluramine, 11.9, S.E.M. 2.6 
PV; df = 3,3, F = 8.3, P = 0.05; Fig. 3H). The 
effect is quantitatively but not qualitatively 
changed by taking late P3 peaks in 3 subjects into 
account. Subtracted P3 peaks to rare non-target 
and standard stimuli showed little change (respec- 
tively placebo/ fenfluramine, 18.3/23.5 and 
5.0/7.6 pV). There were no correlations with 
urinary measures. 

Slow wave components. For late SW positivity 
recorded at Pz there was a trend similar to that for 
the P3 component with positivity to the rare non- 
target increasing in the fenfluramine condition but 
decreasing after subtraction of the ERPs obtained 
on the passive from those on the active task (rare 
non-target; +5.4, S.E.M. 6.4; -3.3, S.E.M. 2.4 
pV). Neither NW nor SW responses showed any 
significant interaction or treatment effects or cor- 
relations with urinary measures. 

Lateral ERPs 

The amplitude of target Nl and rare non-target 
NW components was larger over the left hemi- 
sphere (5) in the placebo condition but larger 
over F4, particularly after targets, during fenf- 
luramine treatment (not significant, Table V). But 
for all 7 subjects the rare non-target NW ampli- 
tude became significantly larger over the right 
frontal area (F4) in the fenfluramine condition 
(df = 1,5, F = 14.4, P = 0.013: co-varied for age, 
regression, F = 14.9, P = 0.012; P < 0.02. 2-tail 
Wilcoxon). There was a similar but not-significant 
trend for target-Nl. DA metabolism was nega- 
tively correlated with right hemisphere target-N1 
and non-target-NW amplitude ( - 0.8, P < 0.02). 

A small increase of Nl latencies ( + l-10 ms) A right hemisphere (P4) dominance for target 

over the right hemisphere (F4, Table v> after fenf- P3 and SW components appears to be reduced in 

luramine treatment was not significant, but there the fenfluramine condition, but this proved not 

was a tendency for a positive correlation between significant (df = 1,5, F = 2.2. P < 0.19). This may 

longer non-target latency on the right with DA have been due to the large variation in the small 

TABLE IV 

Correlations between urinar): monoamuze meamres and behau- 

ioral/ERP results 

Pearson partial correlations taking age into account were sought 

in both treatment periods in 6 autistic children. Trends were 

only found with respect to decreasing DA or increasing utiliza- 

tion in the fenfluramine period. Only Nd and lateralized am- 

plitude changes reached conventional 58 significance levels, 

but trends attaining ca. 10% levels are reported as an aid to 

insight into underlying mechanisms. Correlations for NA and 

other behavioral/ERP measures discussed in the text, were not 

significant, P > 0.11. T, target; NT, non-target; R. right hemi- 

sphere; RT, reaction time. 

DA leoel HVA/DA/ 

utrhration 

IQ - 0.64 P < 0.08 

beta +0.62 P < 0.09 

RT - 0.64 P < 0.08 

Nl lat. + 0.61 P < 0.11 

Nl lat. (R) + 0.67 P < 0.1 

(P3 lat. N.S. N.S.) 

Nl ampl. (T) + 0.7 P i 0.06 

Nd ampl. (T-NT) - 0.7 P < 0.05 

Nl ampl. (T)(R) - 0.8 P < 0.02 

NW ampl. (NT)(R) - 0.8 P < 0.02 

P3 ampl. (T) ~ 0.63 P i 0.09 

P3 ampl. (NT) (R) PO.8 P c 0.03 + 0.65 P < 0.08 

utilization (0.67, P < 0.1). P3 latencies were highly 
variable in both treatment conditions (Table V). 



207 

TABLE V 

Lrrtency and amplitude (SEM) of lateralized ERP responses from autistic subjects on placebo and fenfluramine: NI and NW from frontal 

(F) and P3 and SW from parietal (P) sites elicited by target (T) and non-target (NT) tones 

Positive values represent longer latency or larger amplitude over right hemisphere, negative values represent larger values over left 

hemisphere. 

Condition Nl (F) NW(F) P3 (Pi SW(P) 

T N-T T N-T T N-T T N-T 

Placebo latency + 3.3 (1.7) + 4.6 (5.3) + 1.6 (6.9) - 19.9 (33.1) 

amplitude - 1.6 (3.4) - 1.2 (1.0) + 1.5 (4.1) - 3.9 (2.6) + 5.3 (2.8) - 1.1 (2.3) + 3.1 (2.5) + 1.5 (2.2) 

Drug latency + 2.1 (2.4) + 5.9 (3.9) + 1.1 (43.7) +2.0 (2.7) 

amplitude + 3.2 (1.9) + 0.4 (0.9) + 1.2 (2.0) + 3.2 (2.8) * - 0.4 (3.5) - 0.5 (2.5) + 1.3 (2.4) + 2.7 (1.7) 

* P < 0.05. 

samples. Normalization of the data after the 
method of McCarthy and Wood (1985) confirmed 
the results obtained for Nl, P3, NW and SW, 
above (Table V). 

For both rare stimuli P3 amplitude correlated 
with IQ (0.9, P < 0.03). The right hemisphere 
non-target P3 amplitude correlated with urinary 
measures (DA, -0.8, P = 0.03; metabolism, 0.65, 
P < 0.08). 

DISCUSSION 

The study showed that Nl amplitude decreased 
markedly but that P3 amplitude tended to in- 
crease to the rare non-target after fenfluramine 
treatment. The former represents a normalizing 
feature and the latter an impairment (Oades et al., 
1988). Treatment reduced early negativity after 
both rare stimuli at left frontal sites and late 
positivity after targets at right parietal sites. ERP 
subtraction procedures (non-target from target, 
supported by passive from active task waveform) 
showed an increase of negativity after fenflura- 
mine over the first 200 ms from frontal to parietal 
sites. This is suggestive of increased endogenous 
activity that may represent increased activation by 
or attention to the target (Hink et al., 1978). But 
rather than showing increased P3 positivity to a 
meaningful stimulus (Duncan-Johnson and 
Donchin, 1977) after subtraction procedures, 
target-P3 amplitude was reduced in the fenflura- 
mine condition. DA metabolism was associated 

with midline target Nl and P3 amplitude changes, 
but correlated particularly with changes at lateral 
sites to both rare stimuli. The results will be 
discussed separately in the order they were pre- 
sented. 

Urine analysis. By comparison with data from 
normal healthy children, younger autistic subjects 
(< 10 years) showed a higher level of DA 
metabolism. As there is a decrease of HVA excre- 
tion with increasing age, the level in the 55lo-year 
age group of autistic children may be compared 
with that from normal children aged l-3 years 
(Soldin, 1982). Fenfluramine treatment increased 
DA metabolism in both age groups to varying 
degrees, independent of age. This is consistent 
with its reported neuroleptic action (Rowland and 
Carlton, 1986). Increased DA metabolism and a 
drop in levels of NA was marked in the sub-group 
that provided ERP data. Changes were not signifi- 
cant in those unable to do the task. This suggests 
that autistic children with greater levels of cogni- 
tive function (and IQ) are more sensitive to the 
neuroleptic action of fenfluramine. A 60% de- 
crease of blood 5-HT levels has been reported in 
these children. Individual values correlated with 
plasma levels of fenfluramine but not with changes 
of intellectual or social function (Badcock et al., 
1987; Stern et al., in press). 

Task performance. By comparison with age- 
matched controls, increased reaction time in the 
fenfluramine condition can be regarded as a nor- 
malising trend (Oades et al., 1988). This with the 
low frequency of errors of commission would indi- 
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cate that, unlike hyperkinetic children (Oades, 
1987), impulsiveness is not a major factor in this 
group. Hyperkinetic children typically show lower 
beta values and improvement is associated with an 
increase. Indeed it suggests that the present group 
showed a good understanding of the requirements 
of the task. The markedly larger P3s elicited by 
the rare stimuli with respect to standards supports 
this contention. 

We believe that an improvement of task perfor- 
mance was not primarily due to improved con- 
centration. Rather a relaxation of criterion (beta) 
and fewer errors of omission suggest a small but 
genuine improvement in selective attention to and 
recognition of meaningful stimuli, where over- 
selectivity is a problem (Hermelin and O’Connor, 
1970; Rutter, 1983; Miyashita, 1985). While it 
may not be valid to emphasise this if stimuli are 
highly discriminable, it was our experience that 
despite the large frequency difference between 
tones this was not the case. Several subjects were 
unable to perform the discrimination. Our experi- 
ence contrasts with that of Campbell et al. (1987) 
who used a slightly higher dose of fenfluramine 
for a shorter period. They found that treatment 
slowed discrimination learning. 

There was a stronger relationship between DA 
levels and IQ and reaction time (both -0.64, 
P < 0.08) than with beta (- 0.63, P < 0.097) and 
omission errors (+0.56, P < 0.15). Although the 
associations are weak, this suggests that non-verbal 
IQ may be related to ACRT performance and the 
biological factors that modulate it. In autistic 
children a greater increase of DA utilization was 
found in those who functioned at higher levels (i.e. 
the ERP group) and within this group improved 
performance was related to DA metabolism (Ta- 
ble II). Ritvo et al. (1986) also found that the less 
retarded benefited more from fenfluramine. 

Midline ERP distribution. For a group of sub- 
jects where organic dysfunction might be ex- 
pected, it was necessary to see at which recording 
sites ERPs were maximal. The results qualify the 
subsequent analysis of potentials from Fz and Pz. 
In adults Nl is usually maximal at frontal and P3 
at parietal sites. Children may show more variabil- 
ity as a function of development. We -found P3 to 
be maximal at Pz in age-matched normal children 

(Oades et al., 1988). But while Nl was maximal at 
Fz for targets, it often peaked at Pz for rare 
non-targets. 

Changes of topography for ERP maxima with 
treatment were associated more with the rare 
non-target. Nl maxima moved caudally and P3 
maxima rostrally in the fenfluramine condition. 
The former is a normalizing trend, the latter is 
anomalous. Nl and P3 components elicited by the 
target moved caudally (cf. Table III, Fig. 3B). 

Midline ERPs. Nl latencies were longer than 
usual (e.g. Couchesne et al., 1984, 1985). We can- 
not entirely explain this, but the contribution of 
endogenous components associated with stimulus 
processing, that also show a later onset than the 
exogenous response (e.g. Nd Hansen and Hillyard, 
1980; NC Courchesne et al., 1986) may have been 
marked in a task that proved difficult for learning 
disabled children. This is supported by the re- 
duced P3 amplitude, which, in normal subjects, is 
associated with increased task difficulty (Polich 
1987). 

A tendency for Nl and P3 latencies to increase, 
particularly to the non-targets, was noted. Inter- 
estingly 3 subjects with abnormally long target-P3 
latencies, showed large decreases in the fenflura- 
mine condition. Long P3 latencies have been re- 
lated to discrimination difficulty in adults (Ford et 
al., 1982; Polich, 1987). Of the 3 measures that 
might be related to task performance (IQ, crite- 
rion-beta and misses), only the number of misses 
changed markedly in all 3 subjects (i.e. decreased). 
The tendency for Nl latencies to increase and 
target-P3 latencies to decrease can be regarded as 
a normalizing influence of fenfluramine (Oades et 
al., 1988). 

The apparent reduction of Nl and the increase 
of P3 amplitude to targets might seem a beneficial 
effect of treatment. Target-P3 amplitudes of age- 
matched healthy children were found to be twice 
as large as in autistic subjects (Oades et al., 1988) 
but subtraction of ERPs elicited by rare non- 
targets from targets in the active condition and 
subtraction of components elicited by the ‘target’ 
in the passive from those elicited in the active 
presentation tell a different story. 

Subtraction of the rare non-target from the 
target should partial out the common effects of 
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infrequent stimuli, apart from pitch. The increased 
negativity on fenfluramine points to an increased 
ability for separation of the two rare stimuli (Fig. 
1). The decreased responsiveness on fenfluramine 
to the rare non-target constitutes an improvement 
at this early stage of information processing. 

However, the improvement is not continued at 
the P3 level of information processing. While sub- 
traction of the rare non-target yielded a non-sig- 
nificant decrease of positivity on fenfluramine, 
positivity was halved after subtraction of the 
waveform elicited by the ‘target’ in the passive 
presentation. Clearly fenfluramine did not facili- 
tate the attribution of significance to the target as 
indexed by P3 amplitude. Although Pritchard et 
al. (1987) report the absence of P3 amplitude 
anomalies for 5 autistic subjects on a 2-stimulus 
visual ‘oddball’ task, Novick et al. (1980) and 
Niwa et al. (1983) found that autistic subjects 
showed a less marked P3 amplitude increase from 
frequent to rare tones. The relative increase of P3 
amplitude after rare non-targets in our subjects 
might be seen as a facilitation of a non-optimal 
strategy for rare stimulus selection. 

Differences should be noted in comparing our 
report with that of August et al. (1984). They 
recorded from Cz alone using different reference 
electrodes, the task consisted of only two tones 
and ERP amplitude measures concentrated on 
Nl-P3 differences. Their main finding was that 
large baseline responses to frequency tones de- 
creased on fenfluramine. We would agree that the 
main effects of treatment were on non-target 
stimuli, that a reduction of amplitude was attribu- 
table to processes index by Nl and P3 compo- 
nents and that changes in the fenfluramine condi- 
tion were not obviously related to its effects on 
5-HT. 

Literalized ERPs. One might expect, if fen- 
fluramine were to benefit a “retarded group of 
children with a development disorder” (Ornitz, 
1985) that an improvement would be associated 
with an increased lateralization of cerebral activity 
in the direction commonly seen in mature adults. 
In contrast autistic children (on placebo) seem to 
show more lateralization than their normal age- 
matched counterparts (Oades et al., 1988). (This is 
reminiscent of Stevens and Milstein’s (1970) re- 

port of a ‘ hyper-mature’ EEG in autistic children). 
Negative components were slightly larger on the 
left (usual) and late positive components were 
larger on the right (less usual). Fenfluramine 
counteracted the lateralization tendencies for 
target-ERP amplitude in both early and late com- 
ponents. 

It seems likely that activation in the left hemi- 
sphere (and midline) by rare non-target tones as 
indexed by the early NW (Born et al., 1986) was 
inhibited by fenfluramine. Speculatively, a reduc- 
tion of late positivity recorded from mid-line sites 
and the right hemisphere with treatment might 
also have been beneficial, for Friedman et al. 
(1986) found excess late positivity correlated with 
attentional deviance in groups of children who 
were psychiatric or at risk for schizophrenia. But, 
noting that a few individuals showed marked be- 
havioral improvement (e.g. subject 04; Stern et al., 
in press), one observes in Fig. 3A and B a reduc- 
tion of lateralized tendencies in favour of a nor- 
malization of rostrocaudal ERP amplitude distri- 
bution. 

ERPs and DA utilization. We attribute reduced 
DA levels and increased DA metabolism to the 
neuroleptic effect of fenfluramine, but there was 
only a very small correlation between DA 
metabolism and Nl latency (0.61, P < 0.11). DA 
deficiency or neuroleptic treatment is widely re- 
ported to increase adult ERP latencies, particu- 
larly those occurring prior to P3 (Nakra et al., 
1975; Rey et al., 1980; Schlor et al., 1985). In 
autistic children Martineau et al. (1985) found Nl 
latency increases associated with reduced HVA 
excretion after treatment. It is not easy to select a 
reason as to why the results differ as their study 
involved different treatment (vitamin B6 and mag- 
nesium), test paradigm (conditioning) and proto- 
col. 

DA levels were positively associated with target 
Nl changes but negatively with the increasingly 
similar amplitude elicited by the two non-targets. 
There was a stronger negative relationship be- 
tween DA metabolism and reduced early negativ- 
ity elicited by the rare stimuli over left frontal 
sites. Since normal young adult auditory reducers 
show high, while auditory augmenters show low 
urinary levels of HVA (Bruneau et al., 1986) the 
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processing of exogenous features partly indexed 
by Nl amplitude may be associated with changes 
of DA activity. 

Of the later components, attenuated right hemi- 
sphere non-target P3 was negatively correlated 
with DA metabolism. To a lesser extent target P3 
amplitude was associated with DA levels. The 
changes are largely consistent with a normaliza- 
tion of function (Oades et al., 1988). But in so far 
as the early negative waves include endogenous 
components, later changes may be contingent on 
these rather than being a direct effect of treat- 
ment. This would seem to be more likely if frontal 
DA projections are more widespread and active 
than those to caudal sites (Oades and Halliday, 
1987). The idea that increased DA activity promo- 
tes switching between channels for information 
processing (Oades, 1985) is consistent with im- 
provement with treatment of processes indexed by 
Nl, where autistic subjects are said to show cogni- 
tive rigidity (Rutter, 1983) and Nl has been asso- 
ciated with channel selection (Hillyard et al., 1978). 
But increased switching could be detrimental for 
processes indexed by P3 if they are more depen- 
dent on the attachment of stimulus associations 
than on foregoing Nl activity. 

Conclusions. Our conclusions must be strongly 
qualified by the small size of our study group. 
With fenfluramine treatment there was mild im- 
provement of intellectual function and discrimina- 
tion performance in a small group of autistic 
children who were not strongly retarded. This may 
have been associated with the neuroleptic effects 
of treatment, but it was not associated with clear 
changes of ERP characteristics. At best ERP anal- 
ysis indicated that improvement may follow in- 
creased latency and enhanced target-related dif- 
ference negativity. Treatment favoured a less than 
optimal attention strategy where P3 amplitudes 
increased more to non-target than target stimuli. 
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