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Abstract

Objective: It has been reported that both obsessive-compulsive disorder (OCD) and attention deficit hyperactivity
disorder (ADHD) might be related to impairments in frontal-striatal brain circuits. Besides, these two disorders are
frequently comorbid. However, there are no published studies directly comparing the neurobiological findings in
these two disorders. The objective of the study was to investigate the differences in cortical blood flow between
patients with OCD and ADHD.

Method: Thirteen drug-naive OCD subjects (mean age + SD: 10.4 + 2.8), and 13 drug-naive ADHD subjects
(mean age * SD: 10.5 + 2.2) were included in the study. Cerebral blood flow (CBF) was evaluated with Tc-99m-
hexamethylpropyleneamine oxime (Tc®™ HMPAO) brain single photon emission tomography (SPECT) during
standard resting conditions in all cases. P value was set to <.006 after Bonferroni correction.

Results: OCD cases had significantly higher right prefrontal (p=.003) CBF than ADHD cases. There were no
significant CBF differences in other brain regions. OCD symptom severity was not related to CBF.

Discussion: This is one of the very few studies which directly investigated brain imaging in pediatric OCD subjects.
Results are consistent with previous studies reporting increased prefrontal CBF in OCD subjects. We also found
that, consistent with the previous literature, ADHD subjects had lower prefrontal cortex CBF. Studies which
compare subjects with comorbid ADHD and OCD with pure forms of these disorders are necessary to have a better
understanding of similarities and differences of these two disorders.
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INTRODUCTION Emission Tomography (PET) and functional Magnetic
Resonance Imaging (fMRI) (Aouizerate et al. 2004).

First symptoms of Obsessive Compulsive Disorder . .
These changes are most consistent in the prefrontal

(OCD) occur before the age of 15 in one-third to one-
half of the adults with this disorder (Pauls et al. 1995).
Neurological findings suggest basal ganglia dysfunction
is more common in children and adolescents with OCD
(Rosenberg and Keshavan 1998). OCD is believed to be
a neurodevelopmental disorder rather than a degenera-

and anterior cingulate cortices and the head of caudate
nucleus. On the other hand, changes have been dem-
onstrated in children and adolescent cases by structural
neuroimaging techniques (Giedd et al. 2000, Gilbert et
al. 2000). Functional neuroimaging studies have been
carried out in adult OCD cases with childhood-onset
(Swedo et al. 1992, Busatto et al. 2000) while those on
pediatric and adolescent OCD cases are scarce. Diler
and colleagues” study on pediatric and adolescent OCD
cases showed bilateral increase in blood flow to the cau-
date nucleus, prefrontal and cingulate cortices (2004).

tive process and this illustrates the importance of research
on pediatric and adolescent OCD cases (Rosenberg and
Keshavan 1998). Childhood-onset OCD may hold im-
portant clues for the etiology of the adult-onset disor-

der.

Changes in cortical blood flow, metabolism and ac-
tivation have been shown in OCD cases using Single
Photon Emission Tomography (SPECT), Positron

Another study observed no changes cerebral blood flow
after clomipramine treatment in 10 pediatric and ado-
lescent OCD cases but reported a negative relation be-
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tween the age at the onset of the disorder and calendar
age with the frontal and parietal blood flow bilaterally
(Castillo et al. 2005).

Attention Deficit Hyperactivity Disorder (ADHD)
is another neurodevelopmental disorder. Functional im-
aging studies showed decreases in prefrontal, parietal,
anterior cingulate cortices and caudate nucleus blood
flows and a decrease in metabolic activity (Bush et al.
2005). Results of many structural cerebral imaging stud-

ies suggest that right prefrontal-basal ganglia anomalies
underlie ADHD pathophysiology (Castellanos 1997).

It has been proposed that OCD is a hyperglutama-
tergic and ADHD is a hypoglutamatergic condition,
with prefrontal brain regions being especially affected
(Carlsson 2000). According to some researchers, abnor-
malities in the cortico-striato-thalamo-cortical (CSTC)
pathways are alike: ADHD, OCD and Tourette’s syn-
drome represent inhibition in the indirect CSTC path-
ways or hyperactivation in the direct pathway (Baxter et
al. 1992, Aouizerate et al. 2004). Moreover, co-existence
of these disorders lends support to this idea. Therefore,
direct comparison of OCD and ADHD cases could yield
some interesting data.

Primary aim of this study was to make a contribu-
tion to the functional imaging studies on pediatric and
adolescent OCD cases. In the light of previous studies,
we hypothesized that prefrontal blood flow in pediatric
and adolescent OCD cases is higher than that of ADHD

cases.

METHOD
Sample

Sample included 13 OCD (4 males, 9 females) and
13 ADHD (8 males, 5 females) cases. ADHD cases
were selected from 29 ADHD cases on which age re-
lated changes in cerebral blood flow (CBF) was inves-
tigated (Oner et al., 2005). To control for age and sex
variables, ADHD and OCD cases were matched so that
there would be no significant age or sex differences. For
this matching, all female ADHD cases were selected and
age-matched in a range of 1 years. All cases selected
mactching fulfilled the inclusion criteria. When there was
a possibility of more than one matching, the one who
applied first was included in the study. None of the sub-
jects were left-handed based on the laterality inventory of
the Pediatric Neurological Examination for Subtle Signs
(Denckla, 1985). All OCD and ADHD cases were se-
lected among consecutive patients who presented to the

Child Psychiatry Outpatient Clinic of a university hos-
pital and fulfilled the inclusion criteria. Informed con-
sent was obtained from the families and the University
Ethics Committee approved the study. Diagnoses were
made by two psychiatrists based on diagnostic criteria
set forth in DSM-IV and there was a perfect agreement
in the diagnoses by both psychiatrists. Medical histories
of all OCD and ADHD cases were normal and they
were screened clinically for psychosis, eating disorder,
substance abuse, mental retardation and diffuse develop-
mental disorders. None of the cases had prior treatment.
Concomitant ADHD or chronic tic disorder was not
identified in any of the OCD cases. Inclusion criteria for
the subjects included having OCD or ADHD based on
DSM-1V diagnostic criteria, absence of any other medi-
cal condition in the history, and be between 7-14 years of
age. Psychosis, eating disorder, substance abuse, mental
retardation, pervasive developmental disorder, presence
of concomitant tic and ADHD in an OCD patient and
incompliance to SPECT (excessive movement, excessive
crying, resistance to injection, etc) comprised the exclu-
sion criteria. Three OCD and two ADHD cases were
excluded from the study.

Assessment tools

Conners’ Teacher Rating Scale (CTRS): Comprised
of 28 items, this scale is used by teachers to rate the
behavior of children at school (Goyette 1978). Eight
items comprise inattention, 7 items comprise hyperac-
tivity and 8 items comprise conduct problems subscale.
Validity and reliability of the Turkish version of the scale
is satisfactory (Cronbach alpha .95) (Sener et al. 1995).

Children Yale-Brown Obsessive Compulsive Scale
(CY-BOCS): CY-BOCS is a 10-item scale that is scored
by a clinician. Assessment takes 10 minutes on average.
It is a semi-structured tool to measure the severity of
OCD signs within the past week. There are five major
sections: (1) Instructions, (2) obsession screening list, (3)
items to determine the severity of obsessions, (4) com-
pulsion screening list, (5) items to determine the sever-
ity of compulsions. Information gathered from the child
and his/her parents are used for scoring. The obsession
and compulsion subtotal scores are the sums of items 1-
5 and 6-10, respectively. Compared to the adults, more
time should be allocated for children during the first
administration and, depending on the level of develop-
ment, obsessions and compulsion should be explained
with different terms. CY-BOCS is designed to be admin-
istered to children aged between 8 and 16. It has been
shown that it is valid and reliable for children (Scahill



Table I. Regional Cerebral blood flow (CBF) measurements normalized for total cortical blood flow (sum of bilateral prefrontal, frontal, parietal
and temporal cortical CBF) in OCD and ADHD cases. Mann-Whitney-U test. * Significant differences after Bonferroni correction.

0ocCD ADHD
Regions of interest (n=13) (n=13) z p
Mean+SD Mean+SD

Right Prefrontal ,141+.003 .121+.001 2.89 .003*
Left Prefrontal ,115+.002 .125+001 1.82 .069
Right Frontal ,120+.002 .121+001 .18 .858
Left Frontal ,111+003 .125+001 1.51 .130
Right Parietal ,126+001 ,124+001 1.56 118
Left Parietal ,106+003 ,125+001 1.56 118
Right Temporal .136£002 ,127+001 128 .920
Left Temporal ,144+003 ,132+001 .555 .590

et al. 1997). Adapration to Turkish language as well as
validity and reliability studies has been carried out by
Yiicelen and colleagues (2000).

PROCEDURE
Image acquisition

All children and their families were informed about
the procedure. Before the image acquisition, subjects lay
in the supine position with their eyes closed for minimal
sensorial stimuli for five minutes. Subjects were then ad-
ministered intravenous Tc””™ HMPAO in the presence
of a parent. The dose of Tc””™ HMPAO was calculated
separately for each subject using the formula [(age+1)/
(age+7)] x standard adult dose (15 mci). Subjects rested
until SPECT images were acquired, 15 minutes after the
injection. Each subject was checked by the researchers
for compliance to the procedure and three OCD and
two ADHD cases were excluded from the study.

Radiochemical purity was determined by chromatog-
raphy and was found above 90% each time. Images were
acquired with a SPECT system (GE 4000I) equipped
with a high-resolution collimator and each SPECT im-
age was recorded on 128 projections on a 64 x 64-ma-
trix, giving a pixel size of 4 mm, with a total acquisition
time of 3 minutes. Data was processed using a Meltz fil-
ter, images were reconstructed with filtered back-projec-
tion algorithm with a ramp filter, and data was corrected
with Sorenson method. Oblique reorientation was used
to obtain transaxial slices of 2 pixels (8 mm) thickness
parallel to the orbitomeatal line.

Regions of interest (ROI) were manually traced in

the right prefrontal, frontal, temporal and parietal cor-
tices. ROI analyses were performed by one of the au-
thors (Dr OK) blind to the diagnoses of the subjects. To
increase the objectivity of the findings, the procedures
were repeated with known clinical parameters (O’ Tauma

etal. 1999).

A neuroanatomy atlas was used to choose different
regions on transaxial sections. Semi-quantitative analy-
ses were performed on five consecutive oblique slices
corresponding to anatomical planes. It is possible that
the cerebellum plays a part in the pathophysiology of
ADHD. Therefore, in contrast to many previous studies,
we expressed the ratio of ligand uptake in the regions of
interest to the cortical blood flow (sum of cerebral blood
flows to the prefrontal, frontal, parietal and temporal
cortices bilaterally) for each subject for “normalization”.

Data analyses

Non-parametric Mann-Whitney-U test was used
to determine the significance of differences in cerebral
blood flow (CBF) between groups. Bonferroni method
was used to control for multiple comparisons and ad-
justed p=.006 (0.05/8, the number of regions of interest;
right and left prefrontal, frontal, temporal and parietal)
was considered statistically significant. SPSS v10.0 sta-
tistical package was used for analyses.

FINDINGS
Age and Sex

There was no significant sex difference between
groups (x’=2.4, p>.23). Age distribution did not sig-



Figure I. Regions of interest in obsessive compulsive disorder and at-
tention deficit and hyperactivity disorder cases. OCD cases are on the
right side of the panel and ADHD cases are on the left side of the panel.
Upper half of the panel depicts right and left prefrontal regions while

lower half of the panel shows the right and left parietal regions of in-
terest.

nificantly differ between groups either (mean age+ SD
for OCD: 10.4 + 2.8 years; mean age+ SD for ADHD=
10.5 £ 2.2 years; z=-.52, p=.96).

Severity of Symptoms

CY-BOCS was used to measure the severity of symp-
toms in the OCD group (range: 0-40, obsessive symp-
toms, mean=11.2, SD =4.1; compulsive symptoms,
mean=12.9, SD=3.5). ADHD symptom severity was
measured by CTRS (Inattention, mean =8.8, SD =4.2,
Hyperactivity, mean =11.9, SD =3.7, Conduct problems,
mean =9.0, SD =4.2, Total, mean =34.0, SD =8.5).

SPECT Examination

“Normalized” CBF measurements of the groups are
summarized in Table I.

Mann-Whitney-U test results showed that CBF in the
right prefrontal region of OCD cases was significantly
higher than ADHD cases (2=2.89, p=.003). Differences
in CBFs in other regions between groups were not statis-
tically significant after Bonferroni correction.

No significant relation was observed between OCD
severity and CBF measurements.

DISCUSSION

This study is one of the few studies that examined
child and adolescent OCD cases directly. Results showed

that normalized CBF in the right prefrontal cortex in
OCD cases was higher than ADHD cases.

Results of the present study are consistent with those
of ADHD- and OCD-related studies. Many functional
neuroimaging studies demonstrated increases in prefron-
tal metabolism and blood flow in OCD cases (Aouizerate
etal. 2004). A SPECT study on children and adolescents
lends support to this finding (Diler etal. 2004). One oth-
er study found relations between current age and the age
at the onset of the disorder with bilateral frontal blood
flow in children and adolescents (Castillo et al. 2005).
Some other neuroimaging studies showed an association
between improvement in symptoms and restoration of
prefrontal cortical metabolism or blood flow (Baxter et
al. 1992, Swedo et al, 1992, Benkelfat et al. 1990, Perani
etal. 1995, Saxena et al. 1999). On the other hand, there
exist studies that failed to find an increase in prefron-
tal activity (Crespo-Facorro et al. 1999, Busatto et al.
2000). Our findings demonstrated an increase in pre-
frontal cortical activity in children and adolescents with
OCD, similar to the adult OCD cases. Many authors
argued that, in OCD, there is a hyperfunction of the
neural network comprised of prefrontal cortex, cingulate
cortex and the head of the caudate nucleus (Insel 1992,
Baxter 1994). In the present study, we found that right
prefrontal blood flow in ADHD cases was lower than
OCD cases. Many of the previous studies reported a de-
crease in activity in the right prefrontal region in ADHD
cases (Zametkin et al. 1990, Zametkin et al. 1993, Rubia
et al. 2000, Spaletta et al. 2001). With regard to this, the
results of the present study are in agreement with those
of the previous studies on these two disorders.

According to Bradshaw and Shephard, ADHD,
OCD, autism and schizophrenia can be classified as
“neurodevelopmental fronto-striatal disorders”. In addi-
tion to the possibility of diagnostic superposition, these
disorders are highly comorbid and alterations in brain
lateralization have been shown in all these disorders
(Bradshaw and Shepard 2000). The authors argued that
genetic and environmental factors acting on anatomi-
cally- or neurochemically-defined certain networks de-
termine if and which disorder will occur. In other words,
OCD and ADHD may be two disorders that are related
to similar neural networks. Though they are in the same
group, different sites in the fronto-striatal region are in-
volved due to different genetic and environmental fac-
tors. Our findings showed that prefrontal CBF was high-
er in OCD cases than ADHD cases. Pathophysiology of
these disorders can be better understood by examining
cases with two disorders.



It is obvious that this study has certain limitations.
The most important of these limitations is the lack of a
control group comprised of healthy subjects. Even though
results of the present study are consistent with previous
studies, this complicates the interpretation of the results.
However, there are ethical issues related to the use of
SPECT in healthy children, a technique that utilizes ion-
izing radiation and many previous studies faced with the
similar constraints (Bush et al. 2005). In a review by Bush
and colleagues, the authors reported that of the 13 SPECT
studies on ADHD cases, only three studies had a control
group, the biggest of which was composed of 7 subjects.
Four studies did not have a control group at all and the
remaining six studies used psychiatric cases, neurological
cases or siblings as controls (Bush et al. 2005). In one of
the two studies on children and adolescents with OCD
had no control group (Castillo et al. 2005). Considering
the possible alterations in CBE using subjects with other
psychiatric or neurological disorders as a control group
does not seem to be a good approach. Inclusion of siblings
in the control group is problematic due to genetic predis-
positions that might affect CBF as well as ethical issues.
This shows that all control, or comparison groups, to be
more accurate, can introduce confounders and none of
those choices serve as an ideal control group.
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