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Cerebrospinal Fluid Homovanillic Acid 
Predicts Behavioral Response to 
Stimulants in 45 Boys with 
Attention Deficit/Hyperactivity Disorder 
F. Xavier Castellanos, M. D., Josephine Elia, M.D., Markus J. P. Kruesi, M.D., Wendy L. Marsh, B.A., 
Charles S. Gulotta, B.A., William Z. Potter, M.D., Gail F. Ritchie, M.S. W., 
Susan D. Hamburger, M.A., M.S., and Judith L. Rapoport, M.D. 

Central dopaminergic activity has been assumed to play a 
role in the efficacy of stimulant drugs in attention deficit/ 
hyperactivity disorder (ADHD), although supporting 
evidence has been scant. This study examined baseline 
cerebrospinal fluid (CSF) of boys with ADHD in relation to 
response to three different stimulant drugs. Forty five boys 
with DSM-III-R-diagnosed ADHD had a lumbar puncture 
before double-blind trials of methylphenidate, 
dextroamphetamine, and placebo. Sixteen also received 
pemoline as part of a subsequent open trial. Stepwise linear 
regressions determined significant predictors of drug 
response. Our prior report of a positive significant 
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correlation between CSF homovanillic acid (HVA) and 
ratings of hyperactivity on placebo was replicated in a new 
sample of 20 boys. After baseline symptom severity, CSF 
HVA was the best predictor of stimulant drug response, 
with significant independent contribution to four of the ten 
measures of hyperactivity that changed significantly with 
medication. Higher HVA predicted better drug response, 
and lower HVA was associated with worsening on some 
measures. This supports the mediating role of central 
dopaminergic activity in stimulant drug efficacy in 
childhood hyperactivity. [Neuropsychopharmacology 
14:125-137, 1996] 

The robust and immediate normalizing effects of the 
psychostimulants dextroamphetamine (DEX) and meth
ylphenidate (MPH) on attention deficit/hyperactivity 
disorder (ADHD)-associated behaviors have focused 
interest on catecholaminergic circuits since 1970, when 
a functional deficit in central dopaminergic circuits was 
first hypothesized for ADHD (Kometsky 1970; Wender 
1973; Shaywitz et al. 1978; Gualtieri and Hicks 1985; 
Levy 1991; McCracken 1991). Due to the difficulty of 
conducting studies of cerebrospinal fluid (CSF) in psy
chiatrically ill children (Arnold et al. 1995), this hypoth
esis has been directly examined only rarely (Shaywitz et 
al. 1977). In fact, only one pediatric CSF study com
pared CSF monoamine metabolites before and after 
stimulant drug treatment (Shetty and Chase 1976), find
ing that the extent of decrease in CSF homovanillic acid 
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(HVA) correlated highly with improvement on dextro
amphetamine. However, the number of subjects was small 
(n = 10), fluorometric analyses were used, and other 
possible covariates such as baseline symptom severity 
were not reported. To date, no replications of this study 
have been carried out. Instead urinary and plasma 
monoamine metabolite concentrations have been exam
ined with no peripheral measures consistently related 
to symptomatic severity or medication effects in ADHD 
(Zametkin et al. 1985a; Donnelly et al. 1986; Shekim et 
al. 1987; Zametkin and Hamburger 1988; Donnelly et al. 
1989). 

As part of an investigation into monoaminergic cor
relates of ADHD, drug-free baseline measures of mono
amine metabolites were analyzed in CSF, plasma, and 
24-hour urine collections. Although the peripheral mea
sures again did not relate consistently to medication 
response (Elia et al. 1990), there was a positive signifi
cant correlation between CSF HVA concentration at 
baseline and ratings of severity of hyperactivity (Castel
lanos et al. 1994). We now present a replication with an 
independent sample of 20 additional subjects and 
examine the relationship of CSF monoamine metabolite 
levels to stimulant medication response obtained dur
ing a double-blind, cross-over, placebo-controlled trial 
of methylphenidate, and dextroamphetamine for the 
total sample of 45 ADHD boys. 

SUBJECTS AND METHODS 

Subjects 

Males, aged 6 to 12 years, with longstanding hyperac
tive, inattentive, and impulsive behaviors, were referred 
from area schools and health-care providers. Subjects 
met DSM-III-R criteria for ADHD in at least two set
tings (home, school, or day hospital) and had Conners 
hyperactivity factor scores from their home teacher and 
a parent at least 2 SD greater than the age mean (Goy
ette et al. 1978; Werry et al. 1975). The majority (80%) 
had been previously treated with stimulants. Exclusion 
criteria included a full scale IQ < 80 on the Weschler 
Intelligence Scale for Children-Revised (WISC-R) (Wechs
ler 1974), evidence of medical or neurologic diseases, 
including Tourette's disorder, or any other Axis I psy
chiatric disorder, except conduct or oppositional disorder, 
mild overanxious disorder, and specific developmental 
disorders as determined from separate interviews of the 
child and a parent on the Diagnostic Instrument for 
Children and Adolescents (DICA)(Herjanic and Camp
bell 1977). 

Fifty-four children were enrolled in the study. Two 
refused lumbar puncture after prior assent, CSF was 
unobtainable from four, one was excluded because of a 
comorbid diagnosis of Tourette's disorder, and samples 
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from two subjects whose CSF had been previously ana
lyzed could not be located for reanalysis. Thus, the 
study group consisted of 45 boys with a mean age of 8.7 
years ( ::t 1.7 SD, range 6 to 12) and a mean full scale IQ 
of 109.1 ( ::t 18.2) (range 83 to 148). In addition to ADHD, 
nine of the subjects also met DSM-III-R criteria for con
duct disorder (all mild per DSM-III-R criteria), 15 for 
oppositional disorder, six had specific developmental 
disorders, nine were enuretic, one encopretic, and two 
had overanxious disorder, judged mild in relation to 
theirADHD. 

Methods 

All 45 subjects participated in a 9-week, double-blind, 
placebo-controlled, cross-over trial of methylphenidate 
(MPH) and dextroamphetamine (DEX) described in 
detail elsewhere (Borcherding et al. 1989; Elia et al. 
1990; Elia et al. 1991). Briefly, subjects were randomly 
assigned to a cross-over trial of three weeks each of 
methylphenidate, dextroamphetamine, or placebo. Doses 
were given twice daily and increased weekly. The aver
age MPH doses and their ranges were 13.0 mg b.i.d. 
(12.5 to 15), 21.7 mg (15 to 25), and 38.0 mg (20 to 45) for 
weeks 1 to 3, respectively. Average DEX doses for the 
three weeks were 6.2 mg (5 to 7.5), 13.0 mg (7.5 to 15), 
and 20.2 mg (15 to 22.5). A subset of 16 subjects also 
participated in a trial of magnesium pemoline (PEM). 
Because of uncontrolled order effects (14 subjects partic
ipated in the pemoline trial after completing the MPH/ 
DEX trial), and the small numbers of patients enrolled, 
the data from a double-blind PEM/placebo trial (n = 10) 
have been combined with data from an open trial (n = 6) 
of PEM offered to subjects who had been initially 
assigned to double-blind placebo. Subjects received 
PEM once each morning for 28 days at a dose of 2 mg/kg 
for the first 4 days, 2.5 mg/kg for 6 days, and 3 mg/kg 
(to a maximum of 150 mg/ day) for days 11 to 28 (mean 
final dose 98.1 mg/ day). 

Before the medication trials, subjects underwent a 
baseline evaluation of one to two weeks, which inclu
ded physical and neurologic examinations, clinical and 
structured psychiatric interviews with the parent and 
child versions of the Diagnostic Instrument for Chil
dren and Adolescents (DICA-P and DICA-C), labora
tory tests (CBC, SMAC, thyroid panel, blood lead), a 
psychoeducational assessment (WISC-Rand Woodcock 
Johnson Achievement Battery [Woodcock and Johnson 
1977]), behavioral ratings by the parents (Child Behav
ior Checklist) (Achenbach and Edelbrock 1983), and a 
lumbar puncture. During baseline and throughout the 
study, the Continuous Performance Test (CPT) (Rosvold 
et al. 1956) and the following weekly behavioral ratings 
were obtained: (1) the Conners 39-item Teacher Rating 
Scale (Goyette et al. 1978) completed by the ward teach-
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ers, (2) the Conners 48-item Parent Rating Scale (Werry 
et al. 1975), completed by the parents to evaluate their 
child's behavior at home, (3) the Children's Global 
Assessment Scale (C-GAS) (Shaffer et al. 1983) com
pleted by a child and adolescent psychiatrist GE or FXC). 
Side-effects were monitored weekly by the Subject 
Treatment Emergent Symptom Scale (STESS) (Guy 1976). 

Procedure 

The study was approved by the NIMH Institutional 
Review Board and explained in detail at an initial 
screening conference in which parents' written consent 
and subjects' assent were obtained. The consent and 
assent process continued during the baseline period in 
that in nearly all cases subjects were able to learn about 
the procedure from peers who had recently undergone 
it, and parents were able to discuss their concerns with 
other parents as well as with the treatment team. We 
also instituted a "dress rehearsal" on the day prior to 
the lumbar puncture (LP), which facilitated subject 
cooperation. Parents had the option of being present for 
the LP, which was performed during the second base
line week. Prior to the LP, all patients were medication 
free for a minimum of 4 weeks, and were on a low 
monoamine diet for at least 3 days. All were admitted 
as inpatients the night before the procedure to ensure 
bed-rest from midnight on, with one opportunity to 
void. 

Lumbar puncture was performed in the lateral decu
bitus position between 8:30 A.M. and 9:30 A.M. A pediat
ric length 22-gauge spinal needle (2.5 inches) was inserted 
preferentially into the L4-L5 interspace to a depth esti
mated on the basis of the child's height, weight, and 
body surface area (Bonadio et al. 1988). Total CSP col
lected was 8 ml, with the first 3 ml sent for standard 
clinical studies. The next 5 ml were gently mixed, 
placed on ice, subdivided into tubes for storage, and 
stored at -70°C until assayed by mass spectroscopy for 
levels of HVA, the dopamine metabolite, MHPG, the 
primary metabolite of norepinephrine, and 5-HIAA, the 
serotonin metabolite (Karoum 1983). 

Details concerning subjective and objective respon
ses to the LP are reported elsewhere (Castellanos et al. 
1994). The procedure was tolerated well by the children, 
as confirmed immediately after the procedure and by 
follow-up interview with the children several months 
later (Kruesi et al. 1988a). 

STATISTICAL ANALYSIS 

Monoamine metabolite data were analyzed for statisti
cal outliers (>3 SD beyond mean). Measurement reli-
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ability was assessed by intraclass correlation (ICC) for 
25 samples from the same pooled aliquots, which had 
been previously analyzed by high pressure liquid chro
matography with electrochemical detection (Castellanos 
et al. 1994). 

Analysis of variance (ANOVA) with medication 
phase (MPH, DEX, placebo) and week (1 to 3) as 
repeated measures was used to determine which mea
sures changed significantly with medication for further 
correlational analysis. 

Response to MPH or DEX treatment was then calcu
lated as the difference between the average of each sub
ject's 3 weekly ratings during the placebo phase and 
ratings for the best week during the medication phases 
(Rapport et al. 1986). "Best week" was defined for all 
measures as the week for each phase in which the sub
ject received the lowest hyperactivity score (the average 
of six items, each scored Oto 3) on the Conners Teacher 
Rating Scale. If the same rating was obtained at 2 differ
ent weeks (and therefore two different doses), the week 
on the lower dose was used. 

For analysis of pemoline response, "best week" pemo
line behavioral ratings were compared to the placebo 
phase scores from the MPH/DEX trial. 

All analyses were performed using SAS version 6 
(SAS Institute 1989). As the distribution of most vari
ables was normal, Pearson correlations were obtained 
between CSP metabolites, age and height, because of 
their known relation to CSP values (Nordin et al. 1982; 
Kruesi et al. 1988b; Blennow et al. 1993; Shaywitz et al. 
1980; Anderson et al. 1988; Hedner et al. 1986), and 
behavioral scores on double-blind placebo. CPT error 
data deviated substantially from the normal distribu
tion using the method of Shapiro and Wilk (cited in SAS 
Institute 1990), therefore nonparametric Spearman cor
relations were used. Cerebrospinal fluid monoamine 
metabolites, age, height, and baseline behavioral rat
ings were entered into stepwise multiple regressions 
with behavioral change scores (placebo average minus 
"best week") as the outcome measure. 

RESULTS 

Stimulant Response 

As expected, all stimulants were effective compared to 
placebo, and all were well tolerated. For the double
blind, methylphenidate/ dextroamphetamine/placebo 
comparison, repeated factor ANOVAs revealed signifi
cant effects of drug for teachers' and parents' factor IV 
(hyperactivity) ratings (F(2,88) = 106.9, and f(2,74) = 33.5, 
respectively, p < .0001), teacher and parent ratings of 
factor I (conduct) (F(2,88) = 42.1, p < .0001; and F(2,74) = 

9.9, p < .0002, respectively) and for physicians' GAS 



128 F. Castellanos et al. 

score (F(2,88) = 57.4, p < .0001). Methylphenidate also 
significantly decreased CPT omission (paired t(41) = 
5.04, p < .0001, all tests two-tailed) and commission 
errors (t(41) = 2.51, p <.02). Dextroamphetamine had 
comparable results for omission (t(42) = 5.08 p < .0001) 
and commission errors (t(42) = 3.02, p < .004). 

Pemoline was also significantly more effective than 
placebo on teachers' and parents' ratings of hyperactiv
ity (paired t(15) = 4.17, p < .001, and t(14) = 3.65, p < .01, 
respectively) and on the parent's ratings of conduct 
(t(14) = 2.40, p < .05). There were significantly fewer 
CPT omission errors on pemoline (t(14) = 3.11, p < .01), 
but the difference in commission errors did not attain 
significance (p = .20). Physicians' GAS scores were sig
nificantly improved on pemoline compared to placebo 
(t(14) = 4.56, p < .001); however, pemoline was clinically 
preferred for only one of the 16 subjects who tried all 
three stimulants. 

Cerebrospinal Fluid Monoamine Metabolite Levels 

Due to technical problems in the MHPG assay, there 
were six outliers in MHPG values, and none in HVA or 
5-HIAA levels. These outlier MHPG values were de
leted from further analysis. Intraclass correlation coeffi
cients (ICC) for 25 samples previously analyzed by 
HPLC for HVA and 5-HIAA were 0.96 and 0.94, respec
tively, (p < .0001). ICC for 21 samples (excluding four 
outliers) for MHPG was only 0.44 (p < .02). Mean 
metabolite concentrations for HVA, 5-HIAA, and 
MHPG were 366.4 ±: 93.8, 111.3 ±: 26.8, and 52.2 ±: 15.4 
pmol/ml, respectively. Though precise comparisons are 
not possible due to differences in methodology, subjects, 
and ages, our monoamine metabolite concentrations are 
consistent with those reported in other pediatric studies 
(Riddle et al. 1986). 

Because the first 25 subjects were collected by one 
physician (JE) and the last 20 by another (FXC), we 
compared the two subgroups by age, height, weight, 
WISC-R IQ, socioeconomic status, behavioral ratings, and 
monoamine levels. There were no significant differ
ences between these two subgroups on any of these 
measures except that MHPG level was higher in the 
more recently recruited subjects (t(37) = 2.65, p = .01). 
Both subgroups demonstrated the previously reported 
positive significant correlation between CSF HVA level 
and teachers' rating of hyperactivity (r = 0.41, n = 25, p = 

. 04 versus r = 0.50, n = 20, p = .02) (Castellanos et al. 
1994). Neither CSF 5-HIAA nor MHPG correlated sig
nificantly with teachers' or parents' severity ratings on 
placebo. 

Combining the samples, we tested the possible con
founding effects of age or height (Nordin et al. 1982; 
Kruesi et al. 1988b; Blennow et al. 1993; Castellanos et 
al. 1994) and found that age was negatively and signifi
cantly correlated with teachers' ratings of hyperactivity 
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on placebo (r = -0.34, n = 45 unless otherwise indi
cated, p = .02), and conduct (r = -0.30, p = .05), as well 
as with CSF HVA (r = -0.31). Height was not signifi
cantly correlated with any monoamine metabolite lev
els or behavioral ratings on placebo except for teachers' 
hyperactivity (r = -0.30, p = .05). Metabolite levels cor
related significantly with each other as expected (HVA 
and 5-HIAA, r = 0.63, p = .0001; 5-HIAA and MHPG, r = 
0.54, n = 39, p = .0004), although this did not hold for 
HVA and MGPH (r = 0.23, n = 39, p = .17). 

Correlations with Measures of Drug Response 

The multiple measures of drug response were also high
ly intercorrelated, e.g., change scores on MPH for con
duct and hyperactivity factors were highly correlated 
for teachers' and parents' ratings (r = 0.77, n = 45, and r = 
0.71, n = 43, respectively, p < .0001). Improvement on 
MPH correlated with improvement on DEX for conduct 
factor (teachers' r = 0.90, n = 45, p < .0001; parents', r = 
0.63, n = 42, p < .0001), as well as for hyperactivity fac
tor (teachers', r = 0.82, n = 45, p < .0001; parents', r = 
0.73, n = 42, p < .0001). 

As seen in Table 1, CSF HVA correlated significantly 
and positively with all parents' and teachers' Conners 
change scores for both stimulants, with Pearson coeffi
cients ranging between 0.32 (p < .05) and 0.50 (p < 
.0001). Not shown are physician C-GAS change scores, 
which reflected both benefits and side-effects and did 
not correlate significantly with metabolite levels for 
either medication. Correlations with 5-HIAA were in 
the same direction as HVA but were only significant for 
change on parent hyperactivity factor for both stimu
lants. Pearson correlations partialling out the effects of 
age did not appreciably diminish the consistent rela
tionship between CSF HVA and stimulant response. 

Improvement on the CPT did not correlate significantly 
with monoamine metabolite levels for any stimulant. 

The behavioral responses to all three stimulants are 
plotted in Figures 1 and 2 (for teachers' and parents' 
ratings of hyperactivity, respectively). As is shown in 
Figure 2, some subjects worsened on medication com
pared to placebo. We compared the quartile with the 
"best" response to the quartile with the "worst" response 
for both MPH and DEX on number and severity of side
effects, age, IQ, Child Behavior Checklist Internalizing 
score (Achenbach and Edelbrock 1983), and CPT errors . 
Only age distinguished these groups, with better respond
ers being significantly younger for MPH (t(ls) = 2.74, p = 

.01), but not for DEX (t(16) = 1.37, p = .19). 

Stepwise Multiple Regressions 

Because of the many intercorrelations among the data, 
stepwise multiple regressions were obtained with CSF 
monoamines, age, height, and baseline behavioral rat-
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Table 1. Pearson Correlations between Cerebrosponal Fluid Monoamine Metabolites and Measures of Behavorial 
Responsea to Methylphenidate and Dextroamphetamine in 45 Boys with ADHD 

Age Height 

Methylphenidate 
Teacher conduct factor -0.31 -0.16 

0.04 NS 
Teacher hyperactivity factor -0.28 -0.20 

0.06 NS 
Parent conduct factorb -0.39 -0.23 

0.01 NS 
Parent hyperactivity factor -0.37 -0.19 

0.01 NS 

Dextroamphetamine 
Teacher conduct factor -0.35 -0.15 

0.02 NS 
Teacher hyperactivity factor -0.22 -0.12 

NS NS 
Parent conduct factor -0.24 -0.36 

NS 0.02 
Parent hyperactivity factor -0.20 -0.17 

NS NS 

Boldface entries signify statistical significance. 
a Conners Rating Scale placebo minus score on best drug week. 
b n = 43 for parent ratings due to missing data. 

ings as possible predictors of drug response. The only 
significant predictor of improvement on the teachers' 
rating of hyperactivity was baseline severity (accounting 
for 39% and 22% of the variance for MPH and DEX, 
respectively). Baseline ratings of severity accounted for 
69% and 51 % of the variance in the improvement in the 
teachers' conduct ratings on MPH and DEX, respectively. 
In both cases, HVA also significantly and independently 
predicted improvement, increasing the cumulative R2 to 
73% and 58%, respectively. CSF HVA was the only sig
nificant predictor of behavioral response for parents' 
ratings of hyperactivity (R2 = 23% and 25% for MPH 
and DEX, respectively). Age was the only significant 
predictor for parents' conduct factor change on MPH 
(R2 = 15%), although HVA contributed nonsignificantly 
(cumulative R2 = 21 %, p = .08). For this same rating on 
DEX, height significantly predicted response (R2 = 
13%} and 5-HIAA also contributed significantly (cumu
lative R2 = 22%}. 

CSF Monoamines and Pemoline 

Behavioral improvement on pemoline also correlated 
significantly with CSF HVA and 5-HIAA though only 
for the teachers' ratings of hyperactivity (r = 0.67 and 
r = 0.70, respectively, n = 16, p < .01). Within the sub
set of 16 subjects who participated in pemoline trials, 

HVA 5-HIAA 

(Partial 
Correlations 

HVA 5-HIAA with age) 

0.72 0.35 0.18 0.30 0.18 
0.0001 0.02 NS 0.06 NS 
0.62 0.36 0.16 0.32 0.19 
0.0001 0.01 NS 0.04 NS 
0.21 0.36 0.24 0.31 0.26 

NS 0.01 NS 0.05 0.10 
0.28 0.48 0.44 0.44 0.48 
0.06 0.001 0.003 0.004 0.002 

0.60 0.39 0.20 0.35 0.23 
0.0001 0.009 NS 0.02 NS 
0.47 0.34 0.18 0.33 0.21 
0.001 0.02 NS 0.03 NS 
0.20 0.32 0.27 0.26 0.27 

NS 0.04 0.08 0.09 0.09 
0.24 0.50 0.42 0.48 0.42 

NS 0.0006 0.005 0.001 0.007 

CSF HVA and 5-HIAA correlated highly (r = 0.85, p < 
.0001). 

DISCUSSION 

We have replicated our prior finding of a significant 
positive correlation between teachers' hyperactivity rat
ing on placebo and CSF HVA level in an independent 
sample of 20 additional boys with DSM-III-R-defined 
ADHD. Utilizing the increased statistical power of the 
total sample (n = 45) and a naturalistic controlled set
ting, we also confirmed the hypothesis that baseline CSF 
HVA concentration correlates positively with behav
ioral improvement after treatment with methylphenidate 
or dextroamphetamine. Higher CSF HVA predicted 
greater improvement on parent and teacher ratings, and 
interestingly, lower HVA was associated with worsen
ing on parent ratings (see Figures 1 and 2). Despite the 
robust predictive power of ratings of baseline severity, 
CSF HVA also significantly and independently pre
dicted a modest portion (up to 25% on some measures) 
of overall variance associated with change on drug. 
These results were not confounded by CSF gradient 
effects, nor by the age of the subjects, nor were they 
simply due to the phenomenon of regression to the 
mean, and they were confirmed in the subset of patients 
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Figure 1. Pearson correlations be
tween behavioral response (average 
rating on placebo minus rating on 
best dose) for Conners Teacher 
Hyperactivity Factor and CSF HVA 
on three stimulants: (A) methylpheni
date, r = 0.36, n = 45, p = .01; (B) dex
troamphetamine, r = 0.34, n = 45, p = 
.02; (C) magnesium pemoline, r = 
0.67, n = 16, p < .01. 
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Figure 2. Pearson correlations be
tween behavioral response (average 
rating on placebo minus rating on 
best dose) for Conners Parents' 
Hyperactivity Factor and CSF HVA 
on three stimulants: (A) methylpheni
date, r = 0.48, n = 45, p = .001; (B) 
dextroamphetamine, r = 0.50, n = 45, 
p = .0006, (C) magnesium pemoline, 
r = 0.08, n = 16, NS. 
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who participated in an extension of this study with the 
"atypical" stimulant pemoline. 

There are several limitations of this study. Most of 
our subjects were not drug naive, and although all were 
medication-free for at least 4 weeks, that washout period 
may not have been long enough to "reset the system to 
neutral" (Zametkin et al. 1985; Ziegler et al. 1980). How
ever, CSP HVA did not differ significantly for the drug
naive subjects (n = 9) compared to those with a prior 
history of stimulant exposure. In addition, we did not 
have a control or comparison group, thus we cannot 
evaluate whether the "high HVA" subjects who were 
among the best responders are outside the normal 
range. Previous reports in ADHD have also been unsat
isfactory in the number of normal controls (Shetty and 
Chase 1976) or their nature (Reimherr et al. 1984). Diffi
culty obtaining appropriate controls is inherent to pedi
atric CSP research and is not likely to change (Arnold et 
al. 1995). Nonetheless, the three prior CSP studies 
(Shetty and Chase 1976; Shaywitz et al. 1977; Reimherr 
et al. 1984) do not support consistent CSP HVA abnor
malities in ADHD. This same situation obtains in 
schizophrenia studies, in which patients and normals 
do not vary significantly in net CSP or plasma levels of 
HVA, although significant differences have been found 
in parameters thought to reflect abnormal regulation of 
monoaminergic systems (Stern et al. 1993; Hsiao et al. 
1993; Kahn et al. 1993; Potter and Manji 1993). 

Our pemoline trial was small, combines blind and 
nonblind ratings, and drug order was not controlled; 
thus, we can not compare efficacy of the stimulants. It is 
worth noting, however, that pemoline was the pre
ferred medication for only one of the 16 patients who 
received all three stimulants, in keeping with general 
clinical experience (Wiener 1995). 

We did not find significant correlations between 
MHPG and behavioral ratings of severity on placebo or 
of improvement on medication. This was not unexpec
ted, as it has been estimated that more than 50% of CSP 
MHPG derives from spinal cord (Garelis et al. 1974; 
Sjostrom et al. 1975). However, the decreased reliability 
of our MHPG levels, the presence of several outliers 
only for MHPG, the finding of significantly lower 
MHPG levels in those samples that had been stored 
longest, and the well established efficacy in ADHD of 
medications that are primarily noradrenergic (Donnelly 
et al. 1986; Biederman et al. 1989; Hunt et al. 1986; Arn
sten and Contant 1992; Hunt et al. 1995; Zametkin and 
Rapoport 1987; Mefford and Potter 1989; McCracken 
1991) all support caution in interpreting this negative 
result. On the other hand, the relative specificity of our 
results for HVA argues that they are not due to nonspe
cific alterations in the anion-transport pump at the 
brain-CSP-venous interfaces (Westerink and Kikkert 
1986; Amin et al. 1992). 

Our ability to independently replicate our prior 
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unexpected finding (Castellanos et al. 1994), even with 
a relatively small group of 20 new subjects, lends cre
dence to our result of a positive significant correlation 
between ratings of hyperactivity on placebo and CSP 
HVA, which is further buttressed by the emergence of 
CSP HVA as an independent, although modest, signifi
cant predictor of stimulant response. 

The most serious limitation on interpretation of our 
results is inherent to the study of CSP monoamines 
(Kopin 1985; Commissiong 1985). Simply put, if we 
were able to confirm that stimulants decrease CSP HVA 
in relation to their behavioral effects in ADHD (Shetty 
and Chase 1976; Cohen et al. 1980), we would still be 
unable to determine if this was because of (1) presynaptic 
compensation for defective postsynaptic signal transduc
tion, (2) overactive intraneuronal metabolism unrelated 
to synaptically released dopamine, or (3) autoreceptor
mediated downregulation of excessive dopaminergic 
neurotransmission. 

The first alternative has historically received the 
most support, deriving from putative animal models 
based on selective lesions of midbrain dopaminergic 
neurons (Shaywitz et al. 1978; Shenker 1992; Roeltgen 
and Schneider 1991; Kostrzewa et al. 1994), a prior CSP 
study in children diagnosed with minimal brain dys
function (Shaywitz et al. 1977), and a voluminous litera
ture indicating that acute applications of stimulants 
increase dopamine and its metabolites in vitro (reviewed 
in Creese 1983). However, models that support the "low 
central dopamine" hypothesis have their own weak
nesses: they generally rely on substantial lesions of the 
dopaminergic system, which would presumably be 
detectable in central or peripheral measures of cate
cholamine activity, and they have usually been vali
dated on the basis of stimulant-mediated decreases in 
motoric hyperactivity. In fact, stimulant effects are not 
specific (or "paradoxical") to individuals with ADHD 
(Rapoport et al. 1978), and they do not simply decrease 
motor activity. Rather, their modulation of motoric 
activity through appropriate increases and decreases 
(Porrino et al. 1983) appears to be paralleled by excita
tory and inhibitory effects on striatal neurons in awake, 
behaving rats (Pierce and Rebec 1995). Dissociation of 
stimulant effects is also suggested by Volkow et al.'s 
report that although the time course of euphoria in nor
mal adult volunteers after intravenous cocaine coin
cides with clearance of labeled cocaine from striatum, 
euphoria after intravenous MPH resolves as quickly, 
even though MPH clearance is over four times slower 
(Volkow et al. 1995). 

The second possibility is being addressed indirectly 
with positron emission tomograhy (PET) studies with 
labeled 18P-dopa (personal communication, Dr. A Zamet
kin, April 1995) aimed at determining if ADHD individ
uals have increased or decreased numbers of presynaptic 
striatal dopamine terminals. 
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The third conjecture, that stimulant efficacy in child
hood hyperactivity is linked to autoreceptor-mediated 
modulation of striatal dopaminergic system has been 
proposed by Levy (1991), and is indirectly supported by 
a number of observations. In a recent extensive review, 
Amin et al. (1992) concluded that despite numerous 
methodologic difficulties, measurement of HV A remains 
"the most direct method currently available in living 
humans to assess the changing activity of central dopa
minergic neurons." They also determined that "CSF 
HVA appears to originate ... mainly from a portion of 
the striatum adjacent to the lateral ventricular walls. CSF 
HVA concentrations probably reflect only major 
changes in the striatal dopaminergic neuronal activity" 
(Amin et al. 1992). Although the three commonly used 
stimulants vary in their monoaminergic profiles, all are 
reported to increase extracellular dopamine concentra
tions, albeit by varying mechanisms (Kuczenski and 
Segal 1975; Rebec and Segal 1978; Kuczenski and Segal 
1992; Fung and Uretsky 1982; Lloyd and Stone 1983; 
Braestrup and Scheel-Kruger 1976; Duteil et al. 1987; 
Schweri et al. 1985; Patrick et al. 1987; Schweri 1994; 
Molina and Orsingher 1981; Tagliamonte and Taglia
monte 1971). Although a comparison is not appropriate 
given differences in experimental conditions and sample 
sizes, it is interesting that the prediction of drug 
response appeared particularly robust for pemoline 
(accounting for 48% of the variance on our teachers' rat
ings), which has been claimed to be the most "purely 
dopaminergic" (Everett 1981). 

Although most preclinical studies use higher doses, 
a few have found that clinically relevant doses of stimu
lants have inhibitory effects on striatal (Rebec and Segal 
1978) and nigrostriatal (Bunney et al. 1973) neuronal 
activity. In drug-naive behaving rats, striatal dopamine 
and metabolite levels obtained by microdialysis corre
lated modestly but significantly (r = 0.45 for HVA) with 
motoric activity (Paulson and Robinson 1994). Behav
iorally, a very low dose of methylphenidate (0.1 mg/kg) 
was found to significantly decrease hyperactivity in 
ADHD children in a placebo-controlled study (Solanto 
1986). This finding was interpreted as evidence for auto
receptor-mediated efficacy because of the greater potency 
of dopaminergic agonists on presynaptic autorecep
tors (Drukarch and Stoof 1990; Meador-Woodruff et 
al. 1994). 

Neuropsychological evaluations have consistently 
found that ADHD children have a "neurodevelop
mental lag" of approximately 2 to 4 years, particularly 
in putative tests of frontal function (Kinsbourne 1973; 
Chelune et al. 1986; Amin et al. 1993). Although CSF 
monoamines from truly normal children have never 
been examined, studies in various pediatric contrast 
groups demonstrate that CSF HVA decreases substan
tially across the pediatric age range (Leckman et al. 
1980; Hedner et al. 1986; Kruesi et al. 1988b). We also 
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found a significant decrease in CSF HVA even across 
our fairly narrow age range. There is an interesting par
allel between the normal decrease in CSF HVA with 
age, and the decreases in motoric restlessness and fidg
etiness noted in both "normal" and ADHD children as 
they approach puberty (Hart et al. 1994). However, 
although the hypothesis of higher dopaminergic activ
ity driving motoric restlessness is attractive, the possi
bility exists that the causal relationship is reversed. For 
example, in depressed patients as well as in rats, increased 
physical activity for only several hours resulted in 
increased levels of CSF HVA and 5-HIAA (Post et al. 
1973; Chaouloff et al. 1986)-although this is unlikely as 
our patients were at bed rest for at least 9 hours before LP. 

The questions raised by our data are not answered 
by prior CSF studies in ADHD. The only other system
atic investigation of CSF monoamine metabolites in 
relation to stimulant response compared baseline CSF 
HVA from 15 adults with attention deficit disorder, 
residual type, who were then treated with methylpheni
date (Reimherr et al. 1984). No quantitative relation
ships between CSF HV A and drug response were found, 
except by using a post hoc separation of four "nonre
sponders" for whom CSF HVA was higher. Their cautions 
about interpretation of this result appear warranted. 
The pioneering study by Shaywitz et al. (1977) did not 
examine stimulant response, and only found differ
ences in the ratio of CSF HVA to probenecid, which is 
also difficult to interpret (Cowdry et al. 1983). Unfortu
nately, as noted previously, even further study of CSF 
and drug response is unlikely to distinguish between 
these and other possible hypotheses. 

Although we are not currently pursuing further CSF 
studies, we note that subjects with low HVA tended to 
respond less well to stimulants, with some even deteri
orating. This was not due to a higher incidence of stim
ulant side-effects in low HVA subjects. Only long-term 
follow-up, now in progress, will determine if low val
ues of CSF monoamines, particularly 5-HIAA, predict 
worse outcome as has been found before with a group 
of conduct-disordered children (Kruesi et al. 1992). 

In summary, behavioral improvement in hyperactiv
ity was predicted by baseline CSF HVA levels, control
ling for confounding factors such as age, height, or 
baseline behavioral symptom severity. The three stimu
lants may vary in the extent to which they affect other 
monoamines, but all three produce an initial increase in 
extracellular dopamine. Our results are consistent with, 
but do not prove, the notion that stimulants decrease 
hyperactivity in part by decreasing dopamine turnover, 
most probably in the striatum, by activation of inhibi
tory presynaptic autoreceptors. This is the first finding 
of a significant direct relationship between baseline CSF 
metabolite levels and subsequent behavioral response 
to medications. This may be because the behavioral 
effects of the stimulants are rapid in contrast to other 
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psychotropic agents, with such correlative data a valid 
reflection of stimulant clinical effects. Further progress, 
however, is likely to come from functional imaging and 
primate studies that can better test these hypotheses. 
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