INVITED COMMENTARY

Proceed, with Caution: SPECT Cerebral Blood
Flow Studies of Children and Adolescents with
Attention Deficit Hyperactivity Disorder

As reported in this issue of The
Journal of Nuclear Medicine, Langle-
ben et al. (1) found significant in-
creases in motor, premotor, and ante-
rior cingulate cortex blood flow in 22
boys with attention deficit hyperactiv-
ity disorder (ADHD) when they were
scanned with 9MTc-ethylcysteinate
dimer (ECD) SPECT 36 h after their
last dose of methylphenidate (MPH),
compared with while on their usual
doses of MPH. Control subjects (n =
7) were also scanned twice, including a
scan after a 10-mg fixed dose of MPH;
however, those scans did not reveal
any significant differences. This has
been the only study to include both
children with ADHD and healthy con-
trol children in a comparison of re-
gional cerebral blood flow (rCBF)
while subjects were receiving medica-
tion and rCBF while subjects were not
receiving medication. If only for that
reason, the study is worthy of addi-
tional comment. On one reading, the
data are consistent with the idea that
MPH has therapeutic effectsin ADHD
partly by decreasing rCBF in the ante-
rior cingulate, motor, and premotor
cortices. This conclusion is consistent
with findings of decreased motor cor-
tex blood flow after stimulant treat-
ment in arat study (2) and in a human
study (3), as Langleben et al. point out.

However, the authors are correct in
warning readers that their results must
be interpreted with considerable cau-
tion. In part because of difficulties in
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recruiting healthy children for studies
that involve injecting radiopharmaceu-
ticals, their negative results in the con-
trol group of 7 children are uninforma-
tive. Second, because the authors could
not, for ethica reasons, withdraw
MPH from the patients for more than
36 h, the possibility exists that the re-
sults reflect withdrawal rather than
treatment effects. Having a larger con-
trol group might have helped deter-
mine whether rCBF in the anterior cin-
gulate, motor, and premotor cortices is
abnormally elevated in untreated chil-
dren with ADHD when they are per-
forming a go/no-go task.

In a prior study by the same group
(5), the SPECT scans of 20 male right-
handed subjects who fulfilled the
ADHD criteria of the fourth edition of
the Diagnostic and Satistical Manual
of Mental Disorders (DSM-IV (4)),
were free of other comorbid condi-
tions, and had been unmedicated for at
least 24 h were compared with the
SPECT scans of 4 healthy boys, who
were presumably a subset of the sub-
jectsin the present report (1). The con-
trol group was judged too small for
valid comparisons, and those data were
not included in final analyses. The pa-
tients were divided into 3 subgroups by
clinically rated severity: severe, mod-
erate, and low (n = 7, 6, and 7, respec-
tively). The subjects were scanned
while performing a go/no-go task. Au-
tomated image analyses yielded re-
gions of interhemispheric asymmetry
with empiric statistical significance de-
fined dichotomously (significant—not
significant). The primary finding was
that the severe and moderate ADHD
groups showed decreased dorsolateral
prefrontal cortical (DLPFC) perfusion

on the right and increased DL PFC per-
fusion on the left.

Granted that no single study can pro-
vide definitive answers, thisis an appro-
priate timeto review rCBF SPECT stud-
iesin ADHD. Has progress been made
since the early 133Xe studies (6)? If so,
what has been established, what istill in
doubt, and what are the pivota studies
that reman? Mogt important, should
such studies continue to be performed on
children and adolescents given the ethi-
ca and practical constraints?

In the first of 3 articles with over-
lapping subjects, Lou et al. reported on
a highly heterogeneous group of 13
children and adolescents (one female)
in 1984 (7). Eight subjects had expres-
sive language disorders, and 11 were
clinically diagnosed with attention def-
icit disorder (without hyperactivity,
known as ADD in the nomenclature of
the time), athough the criteria for di-
agnosis were not specified for patients
or controls. The 9 controls (3 female)
were mostly siblings of patients, who
were, on average, 2.4 y older. Subjects
inhaled 370 MBg/L of 13¥Xefor 1 min,
and three 1-min scans followed. A sin-
gle 17-mm-thick axial slice was ana-
lyzed qualitatively. All 11 patients with
ADD were reported to exhibit hypo-
perfusion of frontal white matter, and 7
had hypoperfusion of the caudate. Six
ADD subjects were rescanned 30 and
60 min after receiving MPH. All 6
were reported to show qualitatively in-
creased flow in central regions, includ-
ing the basal ganglia. In a subsequent
article (8), data from 4 subjects de-
scribed as having “pure ADHD” diag-
nosed by the criteria of the third edi-
tion of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-
I11-R (9)) were added and combined
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with data from a pair of brothers in-
cluded in the first article. Compared
with the older sibling controls (8.2 y
old vs. 11.9 y old), the pureeADHD
group showed significantly less nor-
malized perfusion of the right striatum
and significantly more normalized per-
fusion in the occipital and left sensori-
motor/primary auditory regions. Thir-
teen children (4 with pure ADHD and
9 with ADHD plus central nervous
system dysfunction) were administered
MPH and were rescanned 30 and 60
min later. MPH increased perfusion
significantly in the left striatum and in
the periventricular region bilaterally in
this mixed group. The 1990 report in-
cluded 3 additional children with
DSM-I1I-R ADHD and 6 additional
control subjects (6). The results rein-
forced the prior conclusions. Children
with ADHD had significantly de-
creased normalized perfusion in stria-
tum and posterior periventricular re-
gions, athough the results were not
broken down by side.

These pioneering reports had impor-
tant limitations. Most of the patients
had substantial neurologic or develop-
mental impairment as well as ADHD.
Even the 9 subjects with “pure ADHD,”
accrued over nearly a decade, included
children with histories of serious neona-
tal complications, including cerebra is
chemiawith neonatal asphyxia, placenta
previa with maternal hemorrhage, pre-
cipitous hirth (8), meades encephalitis,
or head trauma judged to be the “proba
ble cause of brain dysfunction” (9,10).
Siblings were included among patients
as well as controls without taking into
account the effects of violating the as-
sumption of statistical independence.
Controlswere not well matched for sex
and were even more problematically
matched for age, which is related to
rCBF (11). Analyses were limited to a
single thick axial dlice per subject,
with limited resolution and substantial
partial-volume effects.

In another early qualitative study,
SPECT imaging was performed us-
ing %MTc-hexamethylpropyleneamine
oxime (HMPAO) on 54 medication-
free children and adolescents with
DSM-I1I-R ADHD and on 18 psychi-

atric controls (12). All subjects had a
resting scan and an intellectual stress
scan that consisted of 20 min of math
problems. A nuclear medicine physi-
cian who was unaware of subject diag-
noses scored the scans, athough data
on intrarater or interrater reliability
were not reported. The authors re-
ported that 65% of ADHD subjects
“had significant prefrontal cortex deac-
tivation in response to an intellectual
challenge as compared with only 5%
of those clinical patients who did not
have ADHD or ADD (P < 0.0001).”
The apparent absence of methodologic
rigor and the brevity of the report
(which was published as a letter) have
made it impossible to evaluate this oth-
erwise intriguing result.

Gustafsson et al. examined 28 chil-
dren with DSM-III-R ADHD who
were participating in neurobiologic
studies that included MRI, electroen-
cephal ography, and SPECT performed
with 10 MBg/kg of ®"Tc-HMPAO
(13). The SPECT rCBF results were
visualy interpreted by a trained tech-
nician who was unaware of the sub-
jects’ degree of impairment, and a
large number of individua regions of
interest (ROIs) were placed manually
on the basis of the external borders of
each of 10 dices (although no infor-
mation on reliabilities was provided).
Seven of the 28 children were judged
to have a suspected or clear abnormal-
ity in rCBF on visua examination.
Factor analysis was performed on the
quantitative ROI data, and 3 factors
were reported. The first factor repre-
sented low rCBF in temporal regions
and cerebellum relative to basal gan-
glia; this factor correlated positively
with motor impairment on a neurode-
velopmental examination. Right fron-
tal and frontolatera hypoperfusion
correlated significantly with the sever-
ity of behavior problems, and the num-
ber of minor physical anomalies corre-
lated significantly and negatively with
rCBF in bilateral frontal and frontolat-
eral regions.

Recent SPECT studies have at-
tempted to address some of the prob-
lems posed by the early work cited
above. Spalletta et al. screened 40 con-
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secutive patients with ADHD to select
8 children (sex unspecified) who had
never been previously treated and who
did not have any other comorbid psy-
chiatric or neurologic disorders (14).
The subjects were also required to
have normal MRI and EEG findings.
After injection of 10 MBg/kg of *™Tc-
ECD, 36 ROIls were placed manually
on axial sections. Seven of the 8 sub-
jects demonstrated left DLPFC hypo-
perfusion and right DLPFC hyperper-
fusion (i.e., the opposite of Langleben
et a. (5)). These asymmetries re-
mained statistically significant even
when corrected for multiple compari-
sons, and right DLPFC rCBF corre-
lated significantly and positively with a
clinician’s masked rating of hyperac-
tivity. Correlations with left DLPFC
rCBF were not significant. Despite the
care with which subjects were chosen,
the authors concluded that their results
must be considered cautiously because
of the absence of healthy controls and
particularly because of the small sam-
ple size.

Granted that conducting neurobio-
logic studies on children is difficult,
most concerns about statistical power
relate to the potential for type Il errors
because of too small a sample to dem-
onstrate a true effect. However, as
Rossi noted more than a decade ago
(15): “When the average statistical
power of an entire research literatureis
low, the veracity of even statistically
significant results may be questioned,
because the probability of rejecting a
true null hypothesis may then be only
slightly smaller than the probability of
rejecting the null hypothesis when the
aternativeistrue. . .. Thus, a substan-
tial proportion of published significant
results may be type | errors. When
power is margina (e.g., approximately
0.50), an inconsistent pattern of results
may be obtained in which some studies
yield significant results while others do
not.”

Fortunately, a recent study has suc-
cessfully addressed many of the limi-
tations of the literature. Kim et al. en-
rolled 32 right-handed boys aged 7-14
y who had DSM-1VV ADHD, had never
been medicated, and were free of all
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comorbid psychiatric conditions in-
cluding learning disorders (16). Stan-
dard validated ratings and neuropsy-
chologic measures were obtained, and
the patients underwent 2 resting SPECT
scans with 555 MBq of *"Tc-HMPAO
before and after 8 wk of treatment with
clinicaly appropriate doses of MPH.
Clinical response to trestment was oper-
ationally defined, and 20 of 32 patients
(62.5%) were classfied as responders.
Images were analyzed with vdid and
reliable techniques, most of which were
fully automated. Areas that increased in
perfusion from pretreatment scan to
posttreatment scan were considered sig-
nificant only if the change exceeded
30% for an area with a diameter greater
than 1 cm. Analyses limited to the clin-
ical responders showed that most (64%)
had robust perfusion increases in the
caudate nuclel and frontal lobes. Thala-
mus and tempora lobe perfusion also
increased in many responders. Perfusion
increases were far greater in the right
hemisphere than in the left (28 vs. 10).
Confirmatory analyses using al subjects
and automated ROI's (except for subcor-
tical ROIs, which were drawn manually
with high interrater and intrarater reli-
abilities) also showed robust increasesin
perfusion after trestment in bilatera
DLPFC, primarily right caudate, and
right thalamus. The limitations of this
study included the absence of a control
group, which is less problematic in this
case than in most other studies because
primary analyses took place before and
after trestment. The primary limitations
that should be addressed in future work
include the lack of appropriate activation
paradigms and the lack of anatomic MR
images to provide better individual land-
marks.

So, what can we conclude?

First, the excellent report by Kim et
al. (16) truly replicates and extends the
pioneering if problematic studies of
Lou et a. (6—8). Despite the problems
inherent in scanning during rest (a state
that can range from extreme stress [for
a hyperactive child who is attempting
to remain till] to somnolence [for
other subjects]), these authors pro-
vided convincing evidence that effec-
tive treatment with MPH is associated
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with increases in perfusion in the pre-
frontal cortex and caudate nucleus. Be-
cause their initial scans preceded any
treatment with medications, there is no
need to worry about withdrawal or tol-
erance effects. At the same time, the
lack of an activation paradigm makesit
impossible to integrate their results
with those of Langleben et al. (1,5).

Second, attempts to obtain SPECT
scans of healthy pediatric controls may
not be worth the effort. Even in those
rare ingtitutions in which these proce-
dures are deemed to constitute minimal
risk (which, incidentally, is a defensi-
ble judgment in my opinion), the prac-
tical redlity is that it is exceedingly
difficult to recruit such subjects. Thus,
either subjects are recruited who may
not be optimal controls, by being sib-
lings, for example (6—8), or the groups
are too small to yield statistically
meaningful results (1,5).

Third, studies must be designed to
yield adequate statistical power. This
conclusion may seem counterintuitive.
After all, is it not better to conduct
exploratory studies with afew subjects
than no studies at all? Given the ex-
traordinary effort required by all par-
ticipants (not least the children and
parents), | would argue that underpow-
ered and inadequately controlled stud-
ies have a greater potentia to confuse
than to enlighten us (8). In this regard,
investigators need to be specially cau-
tious in studying interhemispheric
asymmetries, which are particularly
prone to yielding low measurement re-
liahilities (17) and, as noted above,
seem to yield diametrically opposite
results (5,13).

Fourth, | echo the conclusion of
Langleben et al. (1) that future studies
of rCBF are best conducted using func-
tional MRI. Techniques such as near-
infrared spectroscopic imaging may
also be useful aternatives for some
applications (18,19). However, PET
and SPECT will remain indispensable
as the primary means of interrogating
the neuropharmacology of the living
human brain (20—22), and future stud-
ies in children and adolescents with
ADHD should focus on continued ex-
ploration of central catecholamines by

quantifying dopamine transporter den-
sities (23-25); dopamine receptors
(21,26); and basa-, stimulant-, and
magnetic stimulant—evoked dopamine
release (27-29).

F. Xavier Castellanos, MD
NYU Child Sudy Center
New York, New York
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