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Is the Spatial Distribution of
Brain Lesions Associated with
Closed-Head Injury Predictive
of Subsequent Development
of Attention-Deficit/
Hyperactivity Disorder?
Analysis with Brain-Image
Database’

PURPOSE: To determine whether there is an association between the spatial
distribution of lesions detected at magnetic resonance (MR) imaging of the brain in
children after closed-head injury and the development of secondary attention-
deficit/ hyperactivity disorder (ADHD).

MATERIALS AND METHODS: Data obtained from 76 children without prior history
of ADHD were analyzed. MR images were obtained 3 months after closed-head
injury. After manual delineation of lesions, images were registered to the Talairach
coordinate system. For each subject, registered images and secondary ADHD status
were integrated into a brain-image database, which contains depiction (visualiza-
tion) and statistical analysis software. Using this database, we assessed visually the
spatial distributions of lesions and performed statistical analysis of image and clinical
variables.

RESULTS: Of the 76 children, 15 developed secondary ADHD. Depiction of the data
suggested that children who developed secondary ADHD had more lesions in the
right putamen than children who did not develop secondary ADHD; this impression
was confirmed statistically. After Bonferroni correction, we could not demonstrate
significant differences between secondary ADHD status and lesion burdens for the
right caudate nucleus or the right globus pallidus.

CONCLUSION: Closed-head injury-induced lesions in the right putamen in children
are associated with subsequent development of secondary ADHD. Depiction
software is useful in guiding statistical analysis of image data.

Attention-deficit/hyperactivity disorder (ADHD) is a psychiatric disorder that usually
manifests in early childhood and is characterized by “signs of developmentally inappropri-
ate inattention, impulsivity, and hyperactivity” (1). ADHD frequently results in poor
functioning in school and can persist into adulthood. The prevalence of ADHD is estimated
at 3%-9% (2).

Research on the cause of ADHD has converged on frontostriatal dysfunction (3,4).
However, there is no consensus on either the exact cause of ADHD or the mechanism by
which amphetamine therapy ameliorates the symptoms and signs of ADHD (4).

Gerring et al (5) demonstrated that symptoms of ADHD develop in children after
closed-head injury; these authors proposed that the diagnosis of secondary ADHD be made
when a child meets psychiatric criteria for ADHD (except possibly for age of onset), with
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symptoms developing after closed-head
injury. It is unknown whether the same
pathway that is believed to be affected in
children with developmental ADHD is
also affected by closed-head injury in
children who develop secondary ADHD,
although the distribution of lesions seen
on magnetic resonance (MR) images in
the setting of closed-head injury does
overlap with the neuronal pathways im-
plicated in developmental ADHD.

The widespread availability of MR ex-
amination of the brain has led to detailed
description of the imaging findings asso-
ciated with closed-head injury, such as
shear injury and contusion (6). Neuroim-
aging studies have demonstrated differ-
ences in total cerebral volume and basal
ganglia volume in children with develop-
mental ADHD (4). The primary purpose
of this study was to determine whether
the spatial distributions of closed-head
injury-induced brain lesions detected at
MR examination of the brain differ in
children who do or do not subsequently
develop secondary ADHD. In particular,
we formulated three null hypotheses re-
garding differences between the group of
children who develop secondary ADHD
and the group of children who do not
develop secondary ADHD:

1. The two groups do not differ with
respect to degree of involvement of the
right caudate nucleus.

2. The two groups do not differ with
respect to degree of involvement of the
right globus pallidus.

3. The two groups do not differ with
respect to degree of involvement of the
right putamen.

MATERIALS AND METHODS

Determination of ADHD Status:
Post-Closed-Head Injury
Behavioral Study

We obtained the data for this work
from an ongoing study by Gerring et al
(5) of post—closed-head injury personality
changes in which the researchers prospec-
tively examine children referred from
tertiary trauma centers to a university-
affiliated center (Kennedy Krieger Institute,
Baltimore, Md, affiliated with Johns Hop-
kins Medical Institutions, Baltimore, Md)
for treatment of children with neurologic
disorders. All subjects were approved by
the Joint Committee on Clinical Investi-
gation, Johns Hopkins Medical Institu-
tions. At least one parent or legal guard-
ian for each subject provided written
informed consent before inclusion in the
study. One child’s family declined partici-
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pation in the study. Exclusion criteria for
study entry included previous hospitaliza-
tion or emergency room visits for closed-
head injury; premorbid mental retarda-
tion; documented child abuse; and
premorbid neurologic conditions, such as
seizure disorder. The study cohort con-
sisted of 99 children aged 4-19 years.
Eighty-nine children had had severe
closed-head injury (Glasgow coma scale
[7,8] score of 3-8), and the remaining 10
children had had moderate closed-head
injury (Glasgow coma scale score of 9-12).

The study protocol included assess-
ment of premorbid (ie, pre—closed-head
injury) ADHD status by administering
the Diagnostic Interview for Children and
Adolescents (DICA)(S) to parents on the
day of enrollment into the study (mean
of 20 days after closed-head injury). Simi-
larly, ADHD status 1 year after injury was
determined by readministering the DICA
to the parent. This process and its validity
in this setting are described in greater
detail in the article by Gerring et al (5).

Of the children who did not have
ADHD at baseline as determined by ad-
ministering the DICA to their parents,
two clinical subgroups were identified for
the purposes of this study: children who
did not develop secondary ADHD, and
those who subsequently did develop sec-
ondary ADHD when the DICA was admin-
istered to their parents 1 year after injury.
For the purposes of this study, we ex-
cluded the 19 children who had ADHD at
baseline and the child whose family
would not provide informed consent for
MR examination, for a total of 79 remain-
ing subjects.

Delineation of Brain Lesions: MR
Image Acquisition and Processing

Because of research findings that indi-
cate that MR examination immediately
after closed-head injury may not be as
useful prognostically as examination 3
months after injury (9), Gerring et al (5)
chose 3 months as the target interval
between closed-head injury and MR ex-
amination. Subjects underwent MR ex-
amination a mean of 104 days after in-
jury. At the time of MR examination, all
children’s conditions were clinically
stable; approximately half of the children
were outpatients, and the remainder were
receiving neurorehabilitation therapy at
the Kennedy Krieger Institute. Fifty-five
(70%) of the 79 subjects were trained to
inhibit motion through an operant condi-
tioning procedure (10); the remaining 24
subjects (30%) were sedated with intrave-
nous administration of 4 mg of pentobar-

bital sodium (Nembutal Sodium; Wyeth
Pharmaceuticals, Philadelphia, Pa) per ki-
logram of body weight. All studies were
monitored by one of the investigators,
and sequences were repeated as necessary
for motion degradation.

MR examination of the brain included
a T1l-weighted (500/20 [repetition time
msec/echo time msec], one signal ac-
quired) sagittal localizing sequence with
5-mm section thickness, 1.5-mm section
gap, 24-cm field of view, and 192 X 256
matrix. Midsagittal images were used to
identify the anterior commissure-poste-
rior commissure line, along which all
oblique transverse images were oriented.
Spin-echo spin-density-weighted (3,000/
30, one-half signal acquired) and T2-
weighted (3,000/100, one-half signal ac-
quired) oblique transverse images with
5-mm section thickness, no section gap,
20-cm field of view, and 192 X 256 matrix
were acquired from the vertex to the
foramen magnum. T1-weighted spoiled
gradient-recalled-echo (SPGR; 35/7, 45°
flip angle, one signal acquired) oblique
transverse images with 1.5-mm section
thickness, no section gap, 24-cm field of
view, and 128 X 256 matrix were ac-
quired from the vertex to the foramen
magnum on 1.5-T (GE Medical Systems,
Milwaukee Wis) instruments at one site.

To our knowledge, prior literature does
not definitively document which MR
pulse sequence is the most sensitive to
the chronic lesions seen in children after
closed-head injury; in contrast to the
acute setting, in which T2-weighted im-
ages demonstrate associated edema, most
authors agree that high-spatial-resolution
images with T2* sensitivity are recom-
mended in the chronic setting, particu-
larly for small lesions, such as those seen
after axonal-shear injury (11). With re-
spect to lesion characterization, the goal
of this study was the delineation of
chronic lesions rather than the specifica-
tion of the type of injury for each lesion.
Given that the most common lesions in
this study are axonal-shear injuries and
contusions and that the T1-weighted
SPGR sequence has high spatial resolu-
tion and T1- and T2*-contrast sensitivity,
we chose images from this sequence for
manual delineation of the closed-head
injury lesions. We confirmed this choice
by performing a preliminary comparison
of the T2-weighted images with the T1-
weighted SPGR images in two subjects,
for which we found more lesions on the
SPGR images.

The volumetric T1-weighted images
were displayed on a 1,024 X 1,024-pixel
workstation and were evaluated by two
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independent, trained readers (one experi-
enced neuroradiologic technologist and
one physician [J.P.G.]) who were blinded
to information about the subjects. Rather
than specify the location of each lesion,
each reader manually delineated as a re-
gion of interest each intraaxial region of
signal intensity abnormality, either hypo-
or hyperintensity, for each volumetric T1-
weighted image. These abnormalities in-
cluded hematoma, contusion, infarct, and
axonal-shear injury and were generically
designated as “lesions.”

A senior board-certified radiologist with
subspecialty neuroradiologic training
(R.N.B.) adjudicated each of these read-
ings. latrogenic lesions, such as ventricu-
lostomy-catheter tracks, were specifically
excluded from the analysis by the readers
and the adjudicator. Regions of interest
were reconstructed into three-dimen-
sional structures. Lesion volumes were
computed by using proprietary software
(ALLEGRO; ISG, Toronto, Canada).

Image data were registered to the Talair-
ach stereotaxic reference frame (12) by
using nonlinear elastic-deformation soft-
ware (13). Because the accuracy of registra-
tion of subjects’ images to a common
standard directly affects the quality of
subsequent statistical analysis, we had
previously evaluated this algorithm for
registration error by using images ac-
quired with MR parameters identical to
those used to acquire images for this
study. This analysis yielded an estimate of
3.4-mm mean registration error (2.1-mm
SD) for cortical structures and 2.5-mm
mean registration error (1.6-mm SD) for
subcortical structures (13).

Data Analysis: Brain-Image Database

Each subject’s image and clinical data
were integrated into our brain-image data-
base (BRAID), which is an object-rela-
tional database that has been designed
and implemented by using Illustra (Illus-
tra, Oakland, Calif), a commercial object-
relational database management system;
the database was run on an Impact work-
station (Silicon Graphics, Mountain View,
Calif). The primary goal of the BRAID
project was to facilitate image-based clini-
cal trials by seamlessly integrating image-
processing and statistical operators into a
database management system. BRAID has
a structured query language interface (14),
which allows users to select arbitrary sub-
groups of subjects for further analysis or
for display.

Standard database management sys-
tems cannot recognize, much less analyze
or display, image data. Using the object-
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relational model, we extended the Illustra
database management system by incorpo-
rating image-processing and display op-
erators into BRAID. For example, we
implemented a summation operator for
images, which allowed us to view images
of lesions summed over an arbitrary sub-
group of subjects; each voxel in a sum-
mary image is a histogram bin, which
contains the number of subjects for whom
this voxel was abnormal. We also incorpo-
rated several digital brain atlases into
BRAID; examples include the stereotaxic
atlas of Talairach and Tournoux (12), the
Brodmann atlas (15,16), and a synthetic
atlas that contains regions of interest that
we delineated. BRAID’s image-processing
routines are invoked via its structured
query language interface; similarly, these
atlases can be displayed by using struc-
tured query language statements.

Just as standard database management
systems lack image-processing operators,
they provide only simple tabulation and
arithmetic functions for analyzing or sum-
marizing data. We extended these arith-
metic facilities by incorporating statisti-
cal operators into BRAID so that we could
analyze image data and clinical variables
for associations. For example, we imple-
mented modules that compute the x> and
Fisher exact test statistics, invoked by
means of BRAID’s structured query lan-
guage interface.

BRAID’s operations can be divided into
three functional modes: visualization, in
which summary images for subgroups of
subjects are presented on the basis of
structured query language queries; analy-
sis, in which statistics are computed to
compare images and clinical variables for
subgroups of subjects, again on the basis
of structured query language queries; and
exploration, in which BRAID computes
statistics that compare all pairwise combi-
nations of atlas structures and clinical
variables and returns a list of associations
among clinical and image variables sorted
by P value.

After images were registered to a com-
mon coordinate system, they and the
corresponding clinical data were inte-
grated into BRAID for further analysis.
Summation images of all lesions over all
subjects in each subgroup were obtained
and examined visually. On the basis of
these images and previous research find-
ings that implicate a frontostriatal path-
way in the cause of ADHD, we chose for
turther analysis three atlas structures that
corresponded to the three hypotheses
listed in the first section. For each atlas
structure analyzed, two statistical ap-
proaches were applied; the first was based

on discrete image variables, and the sec-
ond was based on continuous image vari-
ables.

We began with a three-dimensional
atlas structure (eg, right globus pallidus)
for each subject. If the structure inter-
sected any of that subject’s lesions, we
labeled the structure as abnormal; other-
wise, we labeled the structure as normal.
For each atlas structure, we used BRAID to
construct a 2 X 2 contingency table to
determine whether the status of that atlas
structure (ie, normal vs abnormal) was
associated with secondary ADHD status
(ie, present vs absent) 1 year after injury.
Due to low expected frequencies for sev-
eral cells in these contingency tables, we
used BRAID to compute two-tailed Fisher
exact test statistics (17) and applied the
Bonferroni correction (for three hypoth-
eses) to these results.

In labeling a structure as abnormal if
there were any overlap with lesions, we
effectively used a threshold of 0 voxels for
labeling a structure as normal or abnor-
mal. In fact, there is no widely accepted
rule for setting this threshold, and it is
almost certainly the case that some struc-
tures function normally even with rela-
tively large lesions, while others do not
function normally even with small lesions.

To remove the effects of thresholding,
we also analyzed atlas structures as con-
tinuous variables. For this analysis, we
again started with an image for each atlas
structure that intersected with a particu-
lar subject’s image data. For each struc-
ture, we computed the fraction of its
volume that overlapped with the sub-
ject’s lesions; we will refer to this quantity
as the “lesion fraction.” Thus, if the struc-
ture did not intersect with the subject’s
lesions, the lesion fraction was O (equiva-
lent to labeling it “normal” for contin-
gency-table analysis); if half of the atlas
structure intersected that subject’s le-
sions, the lesion fraction was 0.5; and
so on. Because the distributions of these
fractions are not Gaussian, we computed
the independent-sample two-tailed Mann-
Whitney statistic to detect associations
among the lesion fraction and the second-
ary ADHD status, and we applied the
Bonferroni correction for the number of
hypotheses. In addition to visualization
and directed statistical analysis, we used
BRAID to perform an exploratory analysis
of these data, with examination of
all noncortical Talairach atlas structures
to determine the association of lesion
fraction with secondary ADHD status.
We excluded all atlas structures from
this analysis that were represented as
surfaces, such as gyri and claustrum, since
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a registration error of even 1 mm could
dramatically affect results for these struc-
tures.

RESULTS

Of the 80 subjects without ADHD at
baseline, one subject’s family declined to
provide informed consent for MR exami-
nation, and three subjects had incom-
plete MR data sets due to transmission
or storage errors; clinical data (ie, DICA
results) were available for all subjects. Of
the 76 subjects included in this analysis,
15 (20%) developed secondary ADHD
and 61 (80%) did not. As reported by
Gerring et al (5), significant differences
between these groups could not be
demonstrated with respect to the Glasgow
Coma Scale, total numbers of lesions,
and total lesion volumes. In addition,
significant differences between these
groups could not be demonstrated with
respect to age, sex, neurosurgical in-
tervention, or treatment with behavior-
altering medications. Only four children
were left-handed, none of whom de-
veloped secondary ADHD. After adjudica-
tion, the readers identified 1,173 lesions;
interreader agreement was 72% (846 of
1,173 lesions). After constructing the da-
tabase of lesions and clinical data, we
examined axially reformatted sum-
mary images of the subjects, which is
similar to the procedure we had pre-
viously employed in visualizing a subset
of the Cardiovascular Health Study data
(18).

Figure 1 shows two representative trans-
verse images with lesions summed over
all 76 subjects. By submitting more com-
plex structured query language state-
ments to BRAID, we can obtain equiva-
lent images for subsets of interest. For
example, Figures 2 and 3 show the same
transverse levels with summed lesions for
subjects who did not and for subjects
who did develop secondary ADHD, re-
spectively. Note that the right putamen
appears to be more extensively involved
in subjects who developed secondary
ADHD, whereas the frontal lobes and left
putamen appear to be more commonly
involved in subjects who did not develop
secondary ADHD.

We confirmed the results of visualiza-
tion statistically, as shown in Tables 1 and
2. Although none of the Fisher exact test
statistics corresponding to the three hy-
potheses reach significance after Bonfer-
roni correction, the Bonferroni-corrected
Mann-Whitney statistics indicate an asso-
ciation between lesion fraction in the
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a.

Figure 1.

b.

Transverse summary images at the level of the (a) basal ganglia and (b) thalamus for all

lesions in all 76 subjects with MR data sets. The lesions are yellow, and the Talairach cortex is blue.

a.

b.

Figure 2. Transverse summary images at the level of the (a) basal ganglia and (b) thalamus for all
lesions in the 61 subjects with MR data sets who did not develop secondary ADHD. The lesions are
yellow, the Talairach cortex is blue, and the right putamen and left thalamic hemisphere are red.

right putamen at 3 months and second-
ary ADHD status at 1 year. The Mann-
Whitney statistic for the right caudate
nucleus approaches, but does not reach,
significance after Bonferroni correction.
In contrast, we could not demonstrate an
association between lesion fraction in the
right globus pallidus and development of
secondary ADHD.

Finally, we performed an exploratory
(post hoc) analysis of all remaining Talair-
ach atlas structures; however, only the
left thalamic hemisphere (uncorrected
Fisher exact test, P = .035; Mann-Whit-
ney test, P = .022) yielded a P value less
than or equal to .05 when analyzed for
association with development of second-
ary ADHD.
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a.

b.

Figure 3. Transverse summary images at the level of the (a) basal ganglia and (b) thalamus for all
lesions in the 15 subjects who developed secondary ADHD. The lesions are yellow, the Talairach
cortex is blue, and the right putamen and left thalamic hemisphere are red.

TABLE 1
Association of Atlas Structure Status
with Secondary ADHD Status

TABLE 2
Association of Atlas Structure Lesion
Fraction with Secondary ADHD Status

Fisher Exact

Structural Variable* Test P Value®

Mann-Whitney

Structural Variable* Test P Valuet

Right caudate nucleus .049
Right putamen .022
Right globus pallidus 337

Right caudate nucleus .018
Right putamen .008
Right globus pallidus .603

* An atlas structure is labeled ““normal” if it
does not intersect with any of a subject’s
lesions; otherwise, the structure is labeled
“abnormal” (see Materials and Methods for
details).

T A P value less than the Bonferroni-cor-
rected significance value of (0.05/3) = .017 is
considered to indicate a significant difference.

DISCUSSION

In comparing children who develop sec-
ondary ADHD 1 year after closed-head
injury with those who do not, we have
shown that the spatial distributions of
closed-head injury-induced lesions seen
on MR images differ in these two groups.
In particular, children who develop sec-
ondary ADHD tend to have higher lesion
fractions in the right putamen than chil-
dren who do not develop secondary
ADHD. Results for the right caudate
nucleus are suggestive of an association
with secondary ADHD but do not reach
significance after Bonferroni correction.
Exploratory data analysis yielded only
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* A lesion fraction of an atlas structure is the
fraction of that structure’s volume that inter-
sects a subject’s lesions (range, 0-1; as de-
scribed in Materials and Methods).

T A P value less than the Bonferroni-cor-
rected significance value of (0.05/3) = .017 is
considered to indicate a significant difference.

the left thalamic hemisphere as an addi-
tional potentially important structure in
the cause of secondary ADHD. In contrast
to the literature on developmental ADHD,
we could find no evidence of an associa-
tion between lesions in the right globus
pallidus and development of secondary
ADHD. This difference may reflect under-
lying differences in the causes of develop-
mental ADHD and secondary ADHD and
may provide a starting point for investiga-
tion into the differences between these
entities. Of interest, anatomic studies of
children with developmental ADHD dem-
onstrate loss of volume of frontal and
striatal structures but no lesions; thus,
ADHD may be a manifestation of any

injury to the striatum, as opposed to a
(solely) developmental disorder.

Although cortical structures, particu-
larly those in the frontal lobes, are promi-
nent components of hypothesized path-
ways involved in developmental ADHD,
our atlas structures and registration meth-
ods are not currently adequate for analy-
ses of cortical structures, because these
structures are surfaces (ie, cortex) rather
than volumes and are thus strongly af-
fected by minimal registration error. The
relative lack of frontal lesions in the group
that developed secondary ADHD indi-
cates a potentially important difference
between this group and children with
developmental ADHD. Much more is
known about cortical function than about
the functional anatomy of white matter
tracts, which biases atlases in favor of the
former; however, we are in the process of
constructing an atlas that contains struc-
tures consisting of cortex and adjacent
subcortical white matter. It remains to be
seen whether these new atlas structures
will enable us to detect associations
among gyral lesions and clinical vari-
ables. Clearly, visualization (Figs 2, 3)
demonstrates prominent frontal-lobe dif-
ferences between the two groups; it is
curious that frontal lesions seem to pre-
dict nondevelopment of secondary
ADHD, which again contradicts findings
in children with developmental ADHD.

An important confounding factor in
this analysis is the distribution of lesions
in closed-head injury; even if a structure
were a critical component of the hypoth-
esized ADHD pathway, we would not be
able to evaluate it if closed-head injury
only rarely caused lesions in that struc-
ture. For example, one possible reason for
our having detected an association of
right putamen lesions but not right cau-
date nucleus lesions in cases of secondary
ADHD is the relatively small number of
lesions intersecting the right caudate
nucleus (five lesions vs 10 lesions for the
right putamen). Similarly, to the extent
that closed-head injury produces bilater-
ally symmetric frontal-lobe injury (and
concomitant temporal lobe injury), sev-
eral structures may be spuriously associ-
ated with secondary ADHD, if, in fact, the
right frontal lobe plays a prominent role
in the development of ADHD. It is impor-
tant to note that none of the iatrogenic
lesions (ie, ventriculostomy catheter
tracks) traversed the basal ganglia; thus,
we did not affect the analyses of these
structures by excluding iatrogenic lesions
from this study.

An important limiting factor of atlas-
based analysis of brain images is the
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quality of registration, particularly for
small or thin atlas structures, such as
cortex. We discussed this problem in
greater detail in a previous article (18)
and have since improved our registration
methods from piecewise-linear registra-
tion to nonlinear, elastic deformation
based on surfaces of ventricles and gyri
(13). Even so, we have previously shown
that registration errors of only a few
millimeters can lead to loss of sensitivity
and specificity, particularly for surfaces,
such as cortex (18). Clearly, Figures 1 and
2 demonstrate that some cortical contu-
sions appear to lie outside of the brain
after registration, which impedes analysis
of frontal-lobe structures. Also, even the
2.5-mm mean registration error that we
reported for subcortical structures (13)
would affect the registration of small
structures, such as the caudate nucleus,
that are central to ADHD research. Since
we expect to continue to improve our
registration algorithm, the statistical
power of our methods should only in-
crease in the future.

Although sample size in this study is
comparable to or greater than that in
other ADHD studies, this lesion-deficit
analysis is somewhat limited by the rela-
tively small number of subjects and by
the relatively high prevalence of ADHD at
baseline (19% [19 of 99 subjects]). Al-
though we cannot compute the exact
sample size required for the Mann-Whit-
ney test, we can approximate these power
calculations by using sample-size esti-
mates for 2 X 2 contingency tables. For
example, for subjects who did not de-
velop secondary ADHD, the probability
of having left thalamic lesions is approxi-
mately 0.10 (six of 61 patients), and for
subjects who developed secondary ADHD,
the probability of having left thalamic
lesions is approximately 0.33 (five of 15
patients). If we want to be able to detect
this difference in lesion burden with an «
of 0.05 and a B of 0.2 (19), we would
require approximately 30 subjects for each
group, which is twice the number of
subjects currently enrolled in the group
that developed secondary ADHD.
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It is encouraging that, despite these
limitations, we have found preliminary
evidence that the frontostriatal pathway
that is implicated in the cause of develop-
mental ADHD is also involved in second-
ary ADHD. Our demonstration of an asso-
ciation between lesions in the right
striatum and development of secondary
ADHD confirms similar findings described
for developmental ADHD (4). It is also
noteworthy that the left thalamic hemi-
sphere, which is also implicated in the
cause of developmental ADHD, shows
evidence of association with secondary
ADHD in this study, which provides a
promising area of focus for future studies.

We have also shown that BRAID, our
software workbench for supporting the
analysis of image-based clinical trials, can
produce clinically meaningful results from
data sets that were gathered completely
independently of the design and imple-
mentation of BRAID. As more subjects are
examined as part of the secondary ADHD
study, it will be relatively simple for us to
reanalyze the data, either statistically or
for visual presentation. Similarly, if we
come across a new anatomic hypothesis
regarding the cause of ADHD in the litera-
ture, we can easily analyze the correspond-
ing atlas structure or construct and ana-
lyze a new structure if necessary. In
addition, BRAID’s generalized architec-
ture will allow us to analyze data from
other image-based clinical trials, regard-
less of imaging modality.

Acknowledgment: We thank Cynthia B.
Wursta, RT, for assistance with reading MR
images.
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